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TH  E  Mechanick  Art  is  a  Science  which  contemplates  about 
the  quantities  of  moving  Forces,  and  of  the  times  in 
which  the  Motion  is  made. 

The  Centre  of  Gravity  of  any  Body  is  a  certain  point  with™ 
in  it,  having  the  parts  about  it  every  where  conlifting  of  equal 
moments  according  to  which  it  is  born  downward,  and  from 
w  hence  if  a  body  be  conceived  to  be  hung  by  a  Line  it  refteth 
while  it  bears  downward,  keeping  the  Po  fit  ion  which  it  had 
in  the  beginning,  and  that  Line  is  always  perpendicular  to  the 
Horizon. 


PROFOS.  I. 


VArious  are  theEnginsqo  which  if  force  be  ufed, their  ftrengths 
are  augmented  in  a  wonderful  manner,  fo  that,  that  which 
is  fit  to  overcome  the  refiftance  of  100  pound  weight,  may  be 
made fufficient  to  overcome  toon  pound, yea, 2000  pound  weight, 
and  more  :  I  will  expound  this  Proportion,  which  cannot  be 
done  better  than  by  limply  expofing  to  view  the  Engines,  whofe 
forces  are  increafed  by  the  ftrengrh  of  their  movers,  and  we 
wall  fhew  what  Experience  approves  in  common  Engins;  and 
becaufe  almoft  all  Authors  recai  the  other  Powers  to  the  Bal- 
lance,  we  will  begin  with  it. 
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Of  the  Ballance. 


Y  the  Ballance  we  underftand  an  iron  Rod,  hanging  freely 
^ Jin. the  middle  point  which  is  called  the  Beam ,  or  Cmre  5 
and  the  effedt  which  daily  experience  teaches  us  is  this. 

F/y.  i.  If  two  equal  Weights  fuppofe  of 4  pound  each  be  hung 
in  the  points  A  and  B,  fo  that  the  lines  A  C,  C  B  aie  equal, 
they  will  poiie  each  other,  or  be  in.  E^uilibrio.  out  ir  the 
weight  F  be  never  fo  little  removed  from  the  Beam  or  Cock  C, 
fo  that  the  line  BC  be  longer  than  the  line  A  C,  the  weight 
F  overcomes  and  raifes  the  weight  E  }  if  you  asiv  w by  thole  iOiCes 
are  increafedb y  their  greater  diftance  from  the  Beam,  or  Centre , 
fo  that  the  diftance  augmented  is  equivalent  to.  the  weight  ; 
that  is,  fuppofe  two  unequal  weights  E  and  G,  and  let  the  pio- 
portion  of  the  weight  E  to  the  weight  G,  be  the  fame  as  the 
diftance  C  H  to  the  diftance  A  C  3  and  that  the  weight  at  H  com- 
penfates  or  makes  aniens  in  the  diftance  for  that  which  it  wants, 
in  the  Gravity  or  weight,  fo  that  they  ftill  remain  in  etjuilibrio , 

^  or  equally  poifed  )  therefore  if  is  queftioned,  wheiefoie  the 
diftance  from  the  beam  adminifters  fufficient  ftrength  to  it  to  le¬ 
ft  ft  double  its  weight  3  which  is  fo  far  forth  a  truth,  that  if  the 
line  or  rod  C  H  being  produced  farther  in  certain  divifions, 
the  fame  weight,  fuppofe  one  pound,  will  according  to  the  fe¬ 
deral  diflances  equiponderate  to  any  weight,  or  number  of 
pounds  hung  in  the  point  A,  and  this  kind  of  Ballance  is  m  ufe 
every  where,  for  Butchers  weigh  their  meat  by  it,  and  Fai  meis 
their  Hay,  &c.  Only  Note  this  one  thing,  which  in  all  En¬ 
gines  ought  to  be  noted,  to  wit,  as  often  as  the  Nice  of  tne 
power  is  increafed  by  the  Engin,  fo  often  alio  is  its  motion 
increafed  with  refpedt  to  the  motion  of  the  weight}  as  in  the 
former  example,  while  the  weight  G  is  at  the  diftance  C  H,  being 
double  the  diftance  of  A  C,  all  things  being  fo  difpofed,  if 
you  remove  the  weight  E  one  foot,  the  weight  G  mull  be 
removed  1  feet,  fines  it  defcribes  an.  Arch  doubly  greater,  or  as, 
great  again. 

Of  Leaver** 

THe  fccond  Engin  which  is  prcpofed  is  the  Leaver,  which 
is  a  firm  body  extended  in  length,  as  a  Bar  of  Iron  or  a 

wooden  Bar  of  firm  fubftance,  in  which  three  things  are  al¬ 
ways 
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ways  to  be  diftinguifhed  3  to  wit,  the  power  of  the  Movent* 
the  Weight  to  be  moved,  and  the  point  that  fuftains  the  Leaver* 
which  is  called  Hypomodion  or  Prop,  being  nothing  but  a  Roller 
or  a  piece  of  Timber  or  Stone  laid  under  the  Leaver,  to  (lip- 
port  it,  even  as  in  the  Ballance  we  diftinguifh  three  things,  to 
wit,  the  two  Weights  and  the  Beam  or  Cock 3  whence  it 
comes  to  pafs  that  the  Leaver  is  compared  to  the  Ballance.  And 
becaufe  the  Hypomoclion  may  poffefs  either  the  middle  place  be¬ 
tween  the  power  and  the  weight,  or  it  may  be  in  one  of  the 
extreams  or  ends,  and  that  two  fold,  to  wit,  either  fo  that  the 
weight  may  polfefs  the  middle  place,  or  elfe  the  po  wer  may  be 
in  the  middle,  therefore  there  are  three  kinds  of  Leavers . 

Fig.  2.  The  firft:  kind  of  Leaver  hath  the  weight  on  one  end 
A,  the  Power  in  the  other  end  C,  and  the  Rypomoclmi  in  the 
middle,  to  wit,  in  the  point  B,  and  if  the  power  happen  to  be 
equally  diftant  from  the  Hypomoclion ,  with  the  weight,  and  fo 
equally  moved  3  In  fuch  difpoiition  if  the  power  can  of  it  felf 
and  without  an  Engm  move  100  pound,  and  the  weight  A  be 
juft  100  pound,  it  may  move  that  and  no  more;  but  if  the 
diftance  B  C  be  greater  than  the  diftance  A  B,  (uppofe  double  to 
it,  and  being  fo  difpofed,  while  the  weight  is  moved  one  foot, 
the  Power  G  performs  2  feet,  then  the  fame  power  being  plac¬ 
ed  in  Cy  will  raife  or  overcome  200  pound  in  A. 

The  fame  proportion  in  a  manner  is  faid  to  be  in  the  fecond 
kind  of  Leaver ,  for  becaufe  the  diftance  D  F  exceeds  the  diftance 
D  E,  therefore  the  power  placed  in  F,  will  be  increaled  accor¬ 
ding  proportion  of  the  line  D  F  to  the  line  D  E. 

The  third  kind  of  Leaver  inereafes  not  the.  force  of  the  Pow¬ 
er,  but  rather  inereafes  the  force  and  refiftance  of  the  wei  SW 
and  leftens  the  force  of  the  power  3  beeaute  the  diftance  of  the 
power  H  from  the  Hypnmodicn  G,  is  lefs  than  the  diftance  G  I 
of  the  weight  from  the  fame  Hypcmcclion  3  and  consequently  in. 
fuch  difpoiition  the  power  is  Ids  moved  than  the  weight. 


Of  the  Wheel j  or  Jxis0  in  Pentrochio.  tig.  3. 


THe  Wheel ,  or  Axis,  in  Pentrochio  may  be  varioufly  ufed,  and  this 
Figure  expreffes  it  fufficiently,  The  power  will  be  in  the 
point  F,  and  the  weight  in  the  point  D  .3  it  may  ealily  be  re¬ 
duced  to  the  Leaver  of  the  firft  or  fecond  kind  3  For  its  Axis 
A  B  hath  the  force  of  the  Hypomodm*  and  becaufe  the  weight  is 
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in  D,  its  diftance  will  be  C  D  and  the  diftance  of  the  power  applied 
in  F  will  be  E  F  ;  Therefore  the  aftive  force  of  the  power  will 
be  increafed  according  to  the  Ratio  or  proportion  of  the  line 
E  F  to  C  D,  that  is,  ifE  F  be  four  times  as  much  as  CD,  and 
the  power  without  an  Engirt  may  take  up  too  pound  weignt ; 
it  being  added  to  fuch  an  Engin  may  take  up  or  draw  400 
pound  weight  ;  Here  we  fhall  offer  no  reafon,  but  expofe  the 
precife  effedl  and  experience;  Wherein  we  would  note  one 
thing,  that  the  precife  diftance  from  the.  Hyfomoclim  doth  not 
conferr  this  augmentation,  but  that  diftance  from  whence 
follows  the  greater  motion  in  the  power,  will  refpedt  to 
the  motion  of  the  weight,  that-  is,  if  the  Power  H  ihould 
draw  by  the  rope  F  PI,  the  diftance  H  E  is  not  to  be  re¬ 
garded,  but  only  F  E,  becaufe  although  the  length  of  the 
rope  increafe  and  consequently  the  diftance  H  E  ;  notwith- 
{landing  from  that  diftance  it  doth  not  follow,  that  while  the 
weight  is  moved  one  foot,  the  power  is  moved  more  than', 
four  feet, 

Of  the  Pulley  or  Windlefs.  Fig.  4- 

THE  Angle  Pulley  increafes  not  force,  and  is- reduced  to  the 
Leaver ;  not withftanding  being  focompofed  that  the  diftance 
of  the  weight  and  of  the  Power  are  equal,  and  thefe  diftances 
are  D  B,  B  E  from  the  immoveable  point  B;  and  lince  no 
Pulley  hath  motion,  but  about  the  Fixed  point  B,  therefore  the 
forces  are  not  increafed,  if  the  principle  we  profecute  be  com 
ft  it  utc  d,  becaufe  the  power  is  as  well  moved,  as  the  weight. 
The  only  benefit  that  accrues  from  the  Pulley  in  this  difpolition, 
is  that  the  power  may  be  more  eafily  applied,  and  to  fhun 
the  refiftance  which  may  happen  by  accident,  becaufe  the  rope 
being  turn’d  about  an  immoveable  Cylinder  is  fretted, and, 
worm 

The  Pulley  may  be  dfpofed  after  another  manner 

Fig.  5.  It  may  be  made  fo  that  the  whole  Pulley  may  move, 
fuppofing  one  end  of  the  rope  faftned  in  A,  and  the  weight  G, 
the  Power  F,  and  this  is  commonly  reduced  to  the  Second  kind 
of  Leaver ,  for  the  Hyfomoclion  is  fuppoled  in  B,  the  weight  G 
fein  E^and  the  power  F  is  in  D,  and  therefore  the  diftance 
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of  the  power  is  double  from  the  Hypomoclwn ,  and  while  the 
weight  G  afcends  to  H,  the  Power  F  will  be  moved  to  a 
double  diftance  i  It  is  not  needful  here  to  fhew  ail  the  Combi¬ 
nations  of  Valleys ,  but  only  in  this  cafe  to  /hew  the  double 
force  of  the  power,  and  that  force  which  before  was  equal  to 
roo  pound  weight,  by  this  difpofition  may  be.  made  equal,  to 
200  pound  weight. 


Of  the  Wedge,  tig*  6. 


THE  Wedge  is  an  Indrument  made  of  follid  matter,  as  Iron  or 
Wood  ending  in  a /harp  point  or  edge,  As  A  BODE  F, 
fome  Authors  drive  to  reduce  it  to  the  Leaver ,  in  which  we  are 
indifferent,  and  the  Wedge,  feems  to  be  a  double  Leaver  of  the 
fecond  kind,  in  which  the  Hypomoclion  is  in  the  line  G  H,  the 
weight  in  Rand  K,  the  Power  in  L  and  M,  but  how  ill  they 
have  relented  or  reduced  it,  we  will  fhew  hereafter  j  However 
it  be,  it  is  certain  the  force  of  the  Power  is  increafed  by  the 
fharpnefs  of  the  Wedge,  and  the  accurenefs  of  the  Angle,  becaufe 
while  the  bodies  which  have  the  force  of  the  weight,  go  back 
from  one  another  by  the  line  R  K,  the  Wedge  is  moved  accord¬ 
ing  to  the  line  I  O  :  Add  alfo,  that  the  power  which  is  druck 
with  a  blow  on  the  head  of  the  Wedge ,  makes  a  greater  motion, 
than  the  Power  which  is  made  by  weight  lying  on  the  head  of. 
the  Wedge . 

Of  the  Screw.  Fig.  7- 

THe  Screw  is  a  mod  powerful  Machine,  or  Engin,  and  is  a 
Cylinder  cut  with  a  wreathed  circle  about  it,  which  may 
be  varioudy  condituted  and  made  :  We  fhall  not  attempt  to 
reduce  it  to  the  Leaver ,  but  ’tis  certain,  that  one  man.  who 
can  alone  by  his  own  drength  raife  100  pound,  may  by  this 
Engin  fometimes  raife  10000  pound.  For  let  the  weight  be 
be  D  E,  the  Power  C,  in  the  mean  while  that  the  weight  is 
moved  according  to  the  didance  which  is  between  two 
wreaths,  or  fpires  of  the  Screw,  it  is  neceffary  that  the  power 
placed  in  the  point  C  abfoives  or  finifhes  a  whole  Circle  y 
therefore  let  the  didance  between  the  two  wreaths  be  equal, 
to  the.  line.  N  Q,  then  leek,  how  many  times,  the.  line  N  O' is, 

eoru. 


contained  100  times,  the  motion  of  the  Power  will  be  a  hun¬ 
dred  fold  greater  than  the  motion  of  the  weight,  as  is  proved 
by  daily  experience. 


P  FOP  OS.  II. 


AriftotleV  Reafon 5  why  the  forces  of  Powers  are  en- 

Exammed. 


ARiftotle  is  the  firft  that  we  know  of  that  attempted  this  * 
we  have  often  read  his  whole  Treatife  which  he  wrote 
of  Engines,  and  confefs  we  could  never  fufficiently  find  out  the 
univerfal  principle  of  Machines  or  Engines  :  For  he  attempts 
only  to  give  the  reafon  of  the  Ballance ,  and  reduces  the  Lea¬ 
ver  to  the  Ballance ,  and  the  other  Machines  or  Engines  he  ex¬ 
plicates  by  the  Leaver  :  We  fhali  do  two  things,  Firft,  we  fhall 
examine  the  Reafon  which  he  offers,  as  the  only  true  and  moft 
likely  for  the  Ballance  in  the  middle.  Secondly,  we  fhall  try 
whether  thofe  things  which  are  faid  concerning  the  Ballance , 
may  be  faid  of  the  Leaver ,  and  whether  thofe  things  that  be¬ 
long  to  the  Leaver ,  may  be  eafily  applied  to  the  other  Ma¬ 
chines,  or  Engines  :  For  he  propofes  fome  wonderful  things 
from  the  Circle,  and  adds,  that  thofe  things  which  are  done 
about  the  Ballance  are  to  be  referred  to  rhe  Circle,  and  thofe 
concerning  the  Leaver  to  the  Ballance,  and  all  other  Motions 
concerning  Engins  he  referrs  to  the  Leaver . 

Ariftotle  reafons  thus,  Every  Power  moving  to  the  centre  of 
the  World  is  born  down  by  a  right  line,  and  the  weight 
thrufts  forward,  or  the  weight  according  to  its  quantity  con¬ 
tributes  to  fuch  motion  3  but  when  weight  is  moved  in  a  Bal¬ 
lance  then  it  is  fuppofed  to  deviate  from  fuch  re&itude,  and 
by  deviation  it  breaks  off  and  retards  the  morion  prelling  for¬ 
ward  from  fuch  power,  and  by  how  much  more  the  motion 
produced  by  fuch  power  is  retarded,  by  fo  much  more  de¬ 
er  e  ales  the  force  of  that  power  in  order  to  fuch  motion  3  but 
becaufe  that  which  is  neareft  the  Beam  or  Cock,  is  alfo  neareit 
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the  reraining'principal,  and  debates  more  from  right  motion  > 
therefore  the  moving  power  being  applied  in  a  point  near  the 
Cock  lofes  more  obits  force ;  and  that  which  is  more  diftant 
from  the  centre  or  cock,  partakes  lefs  of  motion  ;  beiides  the 
nature  of  that  motion  comes  nearer  to  right  motion,  and  there¬ 
fore  its  force  is  lefs  hindred  to  exercife  its  power,  wherefore 
that  weight  which  is  fartheft  diftant  from  the  Centre  is  eafily 
moved,  and  although  it  be  equal  to  the  other  weight  weighing 
ap'ainft  it,  and  left  diftant  from  the  centre,  it  will  be  moved 
more  ealier,  which  to  matte  moie  plain  ne  inftitutes  a  geometri¬ 
cal  Demonftration  in  this  manner  : 

pig.  8.  Let  the  Iron  rod  A  B  be  the  Ballance,  the  Beam  or 
Cock  A,  about  which,  as  about  a  Centre,  the  whole  rod  AB 
is  moved  ,  and  let  the  weight  be  B  which  defeendeth  by  force 
of  its  own  weight,  and  delcribes  the  arch  BH  j  alio  let  there  be. 
another  weight  C,  which  while  it  defeends  by  its  own  gravity  is 
confider’d  according. to  the  difpofuion  of  the  Ballance,  to  de~ 
feribe  the  arch  C  D  Y,  lefs  than  the  arch  B  E  H :  Suppofe  the 
weight  C  to  defend  to  the  point  D,  and  draw  the  line  D  E, 
which  let  be  parallel  to  the  line  A  B,  Suppofe  the  weight  B  to 
defend  to  the  point  E,  fince  the  natural  motion  of  heavy  things 
is  perpendicular,  the  lines  F  E,  G  D  meafure  the  natural  mo¬ 
tion  of  the  bodies  or  weights,  or  the  motion  which  is  accord¬ 
ing  to  their  Nature  j  But  the  lines  C  G,  F  B  meafure  the  preter¬ 
natural  motion,  to  wit,  by  whofe  force  they  are  retraced  from  ; 
their  lines  of  Direction,  or  perpendicular  lines  j  but  F  B  lefs  than 
C  G  5  for  if  equal  right  lines  fall  perpendicularly  on  the  Seme-di¬ 
ameter  of  unequal  Circles,  that  which  is  in  the  greater  circle 
cuts  of  the  Idler  part  becaufe  the  greateft  circle  is  lefs  crooked: 
Therefore  while  thofe  two  weights  have  an  equal  natural  mo¬ 
tion,  that  which  is-  fartheft  diftant  from  the  Centre  hath  leaft  of. 
the  preternatural  motion,  therefore  the  ealier  moved,  and  there¬ 
fore  hath  greater  force  to  move  the  other,  and  confequently; 
comes  to  E  in  a  lhorter  time,  than  the  weight  C  comes  to  D. 

Moreover  he  adds,  becaufe  the  motion  or  weight  is  equal 
in  each,  the  motion  which  is  according  to  nature  is  in  it  felf 
the  fame  to  preternatural  motion,  but  it  only  then  happens  when 
in  the  fame  time  that  C  comes  to  D,  in  the  fame  time  alfo. 
B  comes  to  L  3  for  then  drawing  the  line  I  L  perpendicular,  it 
will  be  as  1  L  to  1  B,  fo  D  G  to  G  C  5  in  the  Triangles  AGO, 
A  L  I  (by  Prop.  4.  El.  6.)  fo  is  1  L  to  A  I,  as  G  D  to  A  C;  and  as 
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A  D  or  A  C  to  A  G  or  A  K,  fo  is  A  B  to  A  I,  therefore  by  divi- 
fion,  it  will  be  as  I  L  to  I  B,  lo  G  D  to  GC:  When  therefore 
it  happens  only  in  the  point  L,  that  the  proportion  aforefaid 
is  kept  while  the  point  C  comes  to  D,  the  point  B  will  come 
to  L,  therefore  B  is  moved  more  fwiftly.  Thefe  are  Ariftotles 
words,  Quam  igitur  cb  caujam  nb  e a  clan  potent/ a  celerkh  fertur,  id 
quod  plus  a  centro  diftat,  ex  us  qua  dicla  jnnt  eft  manifeftum.  And 
Qu  eft  ion  3d.  he  fays,  Quoniam  autem  ab  a  quail  pondere  celerius 
movetur  eorum ,  qua  a  centro  funt 3  duo  vero  pondera  quod  movet,  & 
quod  movetur  3  quod  igitur  motum  pondus ,  ad  m  ovens  longitudo  pail - 
tur  ad  longitudincm,  jemper  autem  quanto  ab  Hypomoclio  diftabit  ma~ 
gis  tanto  facilius  movebit. 

Many  things  are  wanting  in  this  Demonftration,  Firft,  be- 
caufe  the  weight  B  is  more  eafily  moved  5  he  concludes  alfo, 
that  it  hath  greater  force  to  move  the  oppolite  weight,  but  whe¬ 
ther  he  hath  affigned  the  true  caufe,  the  comparing  of  the  caufe 
with  the  effedt  will  fhew  3  which  that  we  may  conlider,  we  fup- 
pofe  the  line  A  B  to  be  double  the  diameter  A  C,  therefore  G  C 
will  not  be  double  of  the  line  F  B,  therefore  will  not  the  preter¬ 
natural  mixt  motion  in  the  weight  C,  be  double  to  the  preter¬ 
natural  mixt  motion  in  the  weight  B,  and  therefore  that  caufe 
is  not  moll  likely  and  true  from  whofe  Comparifon  the  propor¬ 
tion  of  the  effedt  and  caufe  is  not  fhown  :  For  it  is  certain,  that 
the  weight  of  1  pound  in  the  point  B  will  be  equivalent  to  the 
weight  of  1  pound  placed  in  the  point  C  or  T 3  Whence  we 
deny  this  conclufion  can  follow  from  that  antecedent,  that  the 
weight  which  isfartheft  difrant  is  eafieft  moved,  therefore  if  it 
be  diftant  a  double  diftance,  it  will  obtain  a  force  doubley  great¬ 
er  3  and  neither  do  Mathematicians  deduce  their  conclusions 
aftjer  that  manner  3  although  while  the  didance  increafes  the 
facility  to  motion  fhould  increafe,  it  doth  not  follow  that  it 
increafes  in  the  fame  reafon  or  proportion :  And  fo  we  deny 
the  facility  to  motion  of  the  weight  in  B  to  be  double,  to  the 
facility  to  motion  which  the  weight  hath  in  C3  becaufe  that 
contrary  which  is  mixt  in  C  is  not  double  to  the  contrary  which 
is  found  in  B. 

Secondly,  Ariftotle  fpeaks  of  the  fwiftnefs  of  Motion ,  and 
from  the  Swiftnefs  he  concludes  to  the  Tower  moving,  which 
we  fhall  fhew  to  be  falfe.  It  is  certain,  that  if  two  Weights 
fhould  be  fuccelfively  in  the  point  B,  one  of  one  pound,  and 
the  other  of  two  3  nevertheless  they  will  be  equally  or  with 
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equal  velocity  moved  downwards,  if  they  are  of  the  fame  mat¬ 
ter  and  figure,  or  if  there  be  found  fome  difference,  it  will  not 
be  in  proportion  to  the  weights;  Wherefore  although  we 
ftiould  grant  the  weight  B  to  be  moved  with  a  velocity  double 
to  C,  vet  notwithftanding  the  force  of  his  reafoning  doth  not 
conclude  it  to  have  greater  force  to  move  the  other. 

Thirdly,  what  is  faid  in  demonftrating  the  weight  B  to  be 
moved  with  a  double  velocity  or  fwifrnefs  to  C;  he  either  un- 
derftands  while  they  are  joined  in  the  fame  ballance,  or  he 
underftands  it  while  they  are  feperate  and  in  two  ballances: 
If  he  means  the  firft,  there  was  no  need  of  fo  much  reafoning, 
neither  doth  that  preternatural  mixt  motion  help  any  thing. 
But  if  thefe  two  weights  are  lookt  upon  as  Seperate,  or  in 
divers  ballances,  that  we  may  examine  what  force  they  have, 
it  is  falfs  that  that  which  is  fartheft  diftant,  is  moved  with  a 
double  Swiftnefs.  Ariftotle  knew  not  the  doctrine  of  Pendulums, 
for  the  fwinging  of  divers  Pendulums  are  perform’d  in  equal 
time,  to  wit,  if  in  the  fame  time  that  the  weight  B  being  left 
to  its  own  nature  comes  to  L,  in  the  fame  time  the  weight  C 
will  come  to  D,  alfo  they  abfolve  each  his  quadrant  in  the 
fame  time  ;  Notwithftanding  if  there  be  two  pendulums  C  and 
B,  and  the  Swinging  of  the  weight  B  be  longer  than  the  fwing¬ 
ing  of  the  weight  C,  fo  that  if  the  lefler  dure  z  minutes, the  other 
weight  B  takes  up  almoft  3  minutes  in  perfecting  its  vibration  ; 
Whence  howfoever  he  explicates  this  Demonftration,  he  wavers 
in  all  things,  and  is  far  from  Mathematical  conviction.  More¬ 
over  we  will  fhew,  that  although  the  demonftration  have  fome 
force  in  that  part  of  the  Circle,  yet  it  obtains  none  in  others; 
for  in  the  firft  place  let  the  lines  OH,  YK  be  equal,  and  draw 
the  parallel  lines  K  R,  O  P;  It  Is  certain,  that  O  P  is  greater 
than  K  R,  therefore  if  there  be  a  weight  in  R  and  another  in 
P,  one  defcends  in  Y  and  the  other  in  H,  the  preternatural 
motion  will  be  more  in  the  weight  more  remote,  notwith¬ 
ftanding  in  this  cafe  the  weight  which  is  at  greater  diftance, 
obtains  greater  force  ;  therefore  that  which  hath  greater  force, 
is  not  begat  from  the  lefler  mixture  of  preternatural  motion  ^ 
which  may  better  be  perceived  in  the  points  3  and  S ,  for  if 
the  weight  3  move  to  S,  and  the  weight  X  to  1  >  toe  lines  V 
T,  SZ  meafure  the  preternatural  motion,  and  die  lines  VX, 
Z  3  the  natural  motion,  and  the  weight  X  leak  diftant  from  the 
centre  or  Beam ,  will  be  more  moved  by  the  natural  motion  than 
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the  weight  and  therefore  ealier,  whence  it  obtains  greater 

force. 


Whofo  diligently  confiders  the  parts  of  each  quadrant,  will 
find  this  mixture  of  contrary  or  preternatural  motion  to  be 
Ids  in  the  idler  circle  than  in  the  greater  ;  and  the  reafon  is, 
becaufe  although  towards  the  Diameter  A  B  the  greater  Circle 


comes  nearer  to  a  vertical  line,  yet  towards  the  diameter  R  H 
it  comes  nearer  to  an  horizontal  line;  and  fo  much  for  the  firft 
part  of  this  Proportion. 

Fig.  9,  That  which  belongs  to  the  fecond  part  of  the  fame 
Propofition,  to  wit,  although  we  grant  that,  which  Arifiotle 
affigns  for  the  truecaufe,  why  in  the  ballance  the  weight  mo/1 
diftant  from  the  centre  hath  greateft  force,  to  wit,  that  it  hath 
iefs  of  the  contrary  or  preternatural  motion,  yet  notwidiftand- 
ing  we  do  not  find  the  reafon  to  be  the  fame  for  the  Leaver. 


For  the  power  A,  may  move  Circularly,  fo  that  it  have  nothing 
of  Preternatural  motion,  fince  the  power  of  an  Animal  is  in¬ 
different  to  any  different  place;  therefore  fince  it  hath  no  pre¬ 
ternatural  motion  admixt,  the  force  of  the  greater  Circle  doth 
not  move  eaiier  than  the  Idler,  which  notwithftanding  is  con¬ 
trary  to  all  experience. 

Secondly,  that  kind  of  Leaver  only  in  which  the  Prop  or 
Hjpomcclion  is  found  between  the  Power  and  the  Weight ,  may 
properly  be  reduced  to  the  Ballance,.  but  the  other  kinds  not 

fo  properly. 


Ihirdly  there  are  divers  Machines  or  Engins  which  are  diffi¬ 
cult  to  reduce  to  the  Leaver ,  and  by  that  means  to  the  Ballance  • 
and  firft  for  the  Wedge ,  We  ask  whether  there  be  a  Prop  or 
Hjpomcclion ,  and  to  what  kind  of  Leaver  it  is  reduced  ?  What 
Circle  is  deferibed  from  it  ?  What  is  its  preternatural  motion? 
What  its  jnatural  motion  ?  Surely  there  is  in  the  Wedge  the  im- 
preffion  of  the  weights  refiftance  to  be  exercifed  in  the  parts  in 
which  the  body  touches,  as  in  K  R  3  We  ask  in  what  point  is 
the  Prop?  Where  the,  length  of  the  Leaver ,  Which  if  it  be  in- 
creafed  according  to  the  common  rules  of  the  Leaver  the  Vir¬ 
tue  of  the  Power  will  be  increaft?  If’tis  faid  the  point  of  it 
is  the  Png,  we.  will  ffiew  his  not,  becaufe  if  the  point  of  the 
Wedge  ffi  on  Id  be  cut  off,  yet  neverthelefs  the  Wedge  would  have 
its  whole  force;  If  his  faid  the  line  KL  is  the  length  of  the 
Leaver,  his  falls,  becaufe  although  that  length  be  cut  ihorter,yit 
notwithftanding  the  virtue,  of  dividing  is  not  deminiffit  which  is 
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in  the  Wedge  ^  therefore  which  way  foever  you  turn  the  JVedge^ 
you.  will  fcarce  reduce  it  to  the  Leaver. 

Fourthly,  Much  lefs  do  we  own  the  companion  of  the  Lea¬ 
ver  in  Screws,  which  may  rather  be  reduced  to  the  Wedge ; 
for  if  you  own  the  Axis  of  the  Cylinder,  about  which  the 
fcrew  or  fpire  is  circumvoived  to  be  the  Hrpcmoclion,  The  di- 
da  nee  of  the  Spires  or  Screws  from  that  Axis,  will  be  the  didance 
of  the  weight  from  the  Hypomodion,  according  to  which  di¬ 
dance  the  redding  power  of  the  Weight  is  rneafured,  whence  it 
follows  in  the  Screw,  the  Cylinder  that  is  fefs  than  the  other 
pairs,  more  eafily  overcomes  the  reddance  of  Weight,  which 
neverthelefs  is  falfe :  For  neither  is  this  the  meafure  of  the  re-* 
ddance  of  the  Weight,  or  the  virtue  exidirtg  in  the  Screw,  but 
ought  to  be  deduced  from  other  principles,  to  wit,  from  the 
compredion  of  the  Spires,  for  when  the  Spires  or  Helices 
are  more  thick  or  clofer  together,  the  drpnger  and  more  pow¬ 
erful  are  the  Screws ;  Therefore  we  mud  feek  another  princi¬ 
ple  of  Machines  or  Engins  more  clear  and  eafie,  which  being 
once  condkuted,  the  power  of  every  Machine  or  Engine  well 
be  unfolded,  and  the  proportion  of  it  to  the  redding  force  of 
the  Weight  will  be  detedted. 


PROP  OS.  Ill 
Archimedes  reafon  Examined* 

%•  I0*  A  Rchimedes  in  his  fixth  Propodtion,  Equiponderate 
TjL  tium,  and  many  others  after  him,  have  attempted 
to  edablifh  as  the  chief  principle  of  Machines  or  Engins,  that  in 
the  Ballance,  if  the  weights  and  their  didance  from  the  Centre 
be  reciprocal,  they  condd  and  counterpoife  each  other. 

In  the  firft  place,  we  referr  this  to  be  fettled  by  the  reverend 
Father  Leotanudus,  and  what  power  his  demonftration  may  ob¬ 
tain  j  fuppofe  A  E  to  be  a  Rod  of  a  like  weight  in  every  part, 
and  divided  in  the  middle  in  C,  and  underhand  €  to  be  the 
Centre  of  Gravity,  and  C  D  to  be  drawn  through  perpendi¬ 
cular  to  it  j  by  the  point  D  draw  an  iron  rod  D  E,  which  let 
be  fo  alike  ior  weight  as  to  confider  it  wanting  all  weight,  and 
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Icr  D  E  be  greater  than  the  half  of  C  B,  and  make  G  D  equal 
to  I  B,  and  H  K  equal  to  the  line  A  H;  when  the  lines  C  I  and 
I  B  (  equal  to  H  C  )  are  added,  H  I  and  C  B  will  be  equal,  and 
fo  H  I  will  be  equal  to  the  half  C  B,  and  the  remains  A  dd, 

I  B  together  are  equal  to  the  other  half  3  and  becaufe  A  H, 
H  K  are  equal,  being  taken  from  the  two  equal  aggregates 
H  K,  K  I,  AH,  I  B,  the  lines  KI,  IB  will  be  equal.  Let  two 
Threds  or  Lines  H  G,  I  E  hang  up  the  rod  A  B,  and  fallen  it 
to  the  rod  G  E  in  the  point  D,  which  anfwers  the  Centre  of 
gravity  C,  the  line  from  whence  his  hung  up  being  perpendi¬ 
cular  with  the  line  D  C,  anfwers  to  the  Centre  of  gravity  C  ; 
A  B  will  remain  equally  poifed,  or  in  Equilibria . 

The  Demonfiration.  Let  the  Rod  A  B  be  really  divided  in  the 
point  K,  that  is,  feperate  the  Union,  or  cut  it  in  two.  Fil'd, 
lince  AH,  HK  are  equal,  neither  will  preponderate  or  out 
weigh  the  other  3  moreover  lince  K  I,  IB  are  equal,  neither 
will  prevail,  wherefore  as  yet  they  will  remain  in  Equilibria  3 
therefore  the  whole  line  will  remain  in  the  fame  manner  as  be¬ 
fore,  being  hung  by  the  fame  point  D,  therefore  as  yet  the 
whole  line  will  be  in  Equilibria :  But  fo  is  the  diflance  H  C  of 
the  weight  A  K  from  the  Centre,  to  C  I  the  diflance  of  the 
lelfer  weight  K  B  from  the  fame  Centre,  as  the  weight  K  B  to 
the  weight  A  K  ;  for  fo  is  A  K  to  K  B,  as  its  half  HK  or  C  I 
is  to  K  f,  or  H  C  its  equal  ^  therefore  we  have  this  in  Equili - 
brio  while  the  whole  weight  A  K  is  to  the  weight  IC  B,  as  the 
di dance  I  C  to  the  diflance  H  C  reciprocally,  w  hich  was  to  be 
demonftrated. 

We  will  confider  hereafter  whether  this  Demondration  con¬ 
vinces,  and  affumes  nothing  as  now7  proved,  which  notwithdand- 
ing  fhould  be  demondrared. 

Fig,  1 1  .  Archimedes  a  little  after  endeavours  to  prove  this  Lome- 
what  otherwife,  and  he  fuppofes  the  Iron  Rod  to  be  A  B,  and 
he  fubdratds  from  its  gravity  that  which  is  hung  in  the  middle 
point  G ;  he  hangs  6  equal  weights,  here  3  and  there  3  at  e- 
qual  didances,  his  clear  that  they  are  in  Equilibria ,  he  fuppo- 
feth  alfo  that  all  thefe  weights  are  alike,  and  equididant  be¬ 
tween  themfelves :  Alfo  he  fuppofes  any  weights  to  gravitate 
and  operate  in  the  fame  manner,  as  long  as  they  retain  the 
fame  common  centre  of  gravity. 

The  Demondrarion  is  clear,  in  cafe  the  weights  be  didribu- 
buted  according  to  the  difpofition  unfolded,  before  which  com¬ 
mon 


Book  I.  Mechanic 4  Powers .  1 3 

mon  centre  of  gravity  of  all  the  weights  together  will  be  in  G; 
but  if  you  confider  4  weights  B  C  D  E  whofe  centre  of  gravi¬ 
ty  will  be  in  the  point  I,  and  the  centre  of  gravity  of  the 
weight  F  L  is  in  H 3  wherefore  the  weights  will  gravitate  in 
the  fame  manner,  howfoever  they  are  difpofed,  they  keep. in  a 
manner  their  centre  of-  gravity  in  the  fame  point  H  3  therefore 
conjoin  the  weights  F  and  L  in  the  point  H,  and  conjoin  the 
4  weights  B  G  D  E  in  the  point  I,  or  fo  about  the  point  I,  that 
their  centre  of  gravity  may  be  the  point  I. 

pi<r.  11.  All  thefe  weights  will  gravitate  in  the  fame  man¬ 
ner  in  this  difpofnion,  as  in  the  former  $  But  in  the  former 
they  were  in  Equilibro ,  therefore  in  this  fecond  difpofition  they 
will  be  in  Equilibro  :  But  in  the  ftcond  cafe,  fo  is  the  weight 
BC  DE  to  the  weight  F  L,  .as  the  diflance  G  H  to  the  diftance 
G  I  therefore  it  will  be  in  Equilibro,  when  as  weight  is  to 
weight,  fo  is  diflance  to  diflance  reciprocally. 

Thefe  Demon flrations  are  ingenious,  but  they  do  but  fup- 
pofe  thofe  things  to  be  the  principles  of  Engins  which  is  fought: 
For  firfl  of  all  in  both  Demonflrations  he  mentions  the  centre 
of  gravity,  but  it  is  not  known  what  that  centre  is,  and  this 
centre  of  gravity  can  hardly  be  proved,  unlefs  there  be  confti- 
tuted  a  common  principle  of  Engins  3  In  the  firfl,  although  it 
feems  clear  enough  that  the  divifion  being  made  in  the  point  K, 
the  lines  A  K,  KB  lie  in  a  direft  line,  becaufe  that  both  parts 
AH,  HK  and  KI,  IB  are  equal  3  Notwithstanding  it  doth  not 
appear  to  me  that  they  ponderate  in  the  fame  manner,  the  di¬ 
vifion  being  made  as  before  :  For  the  part  CK  before  the  divi¬ 
fion,  exercifed  its  gravity  with  the  other  part  K  B,  and  as  I 
may  fay,  was  ft  aid  by  its  parts :  But  the  Union  being  loofed,  it 
exercifes  now  its  own  gravitation,  together  with  the  other  part 
A  C3  Whence  although  it  were  before  in  Equilibria ,  it  follows 
not  that  it  being  feperated  the  Equilibrium  remains. 

I  fay  the  fame  of  Archimedes  demonftration,  for  I  cannot  grant 
that  weights  have  the  fame  manner  of  gravitations  they  fhould 
have  among  themfelves,  and  the  fame  gravitation  they  fhould 
have  refpe&ively  to  another  weight,  fo  often  as  they  change 
not  the  proper  centre  of  gravity  :  If  in  one  cafe,  one  of  them 
will  be  found  on  one  part  of  the  centre,  and  in  the  other  it  will 
decline  to  the  other  part  3  that  is,  his  doubted  whether  the 
weight  E  tranfported  in  I  being  united  with  other  weights  B  C 
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D  in  the  fame  point  I,  hath  the  fame  force,  and  not  greater,  or 


And  that  we  may  fliew  the  Principle  fought,  the  definition 
of  the  Centre  of  gravity  is  commonly  thus  given,  to  wit.  Vis 
the  point  dividing  the  heavy  body  in  two  parts  of  equal ’mo¬ 
ments,  but  moment  is  not  limply  the  weight  of  body,  bin 
grows  together  from  the  weight  and  difiance,  therefore  to  the 
undemanding  of  the  Centre  of  gravity  the  confiituted  orinciDle 
is  fuppofed,  whofe  reafon  we  feek,  4^  Why  weights 
fon  of  their  greater  diftance  from  the  centre  have  aifo  gr^at^r 
forcetomove.  & 


P  ROP  OS. 

The  true  Reafon  of  mcreafng  power  by  Engins . 

Fig'  l1,  XT9ne  wiil  re^uire  of  us  a  demon ftratlon  here 

becaufe  we  are  bulled  in  phifick  matter,  and  we 
inquire  the  principal  of  natural  and  fenfible  motion,  which  per¬ 
haps  will  not  prefen tly  occur  3  one  thing  I  muft  fay,  that  al¬ 
though  I  do  not  effe£t  the  thing,  yet  by  removing  things  our 
.  the  way,  I  ftiall  open  a  door  to  let  into  it  j  therefore  I  fhall 
attempt  many  methods,  that  fo  if  one  arrive  not  at  it,  I  may 
make  way  for  another  :  Firft,  in  the  ballance  I  will  endeavour 
to  fettle  that  common  maxim,  while  the  weights  and  difiances 
from  the  Centre  are  reciprocal  it  is  in  EquiUbro  ;  As  if  in  the 
ballance  A  B  the  weight  A  of  two  pound  is  to  the  weight 
B  of  one  pound,  as  the  diftance  C  B  of  two  feet  to  the  difiance 
AC  of  one  foot.  .  If  from  a  piece  of  timber,  you  hang  a  bal¬ 
lance  from  the  point  C,  to  be  in  Equilibrio ,  fo  that  you  remove 
it  fo  far  from  the  Centre  to  anfwer  the  addition  that  fhould 
be  made  to  the  weight,  that  is,  if  the  weight  of  one  pound 
hang  in  the  point  D,  and  in  A  a  weight  of  2  pound,  to  make 
them  m  Equilibro  the  fame  weight  fhould  be  added,  and  in 
Head  of  the  fame  weight  you  may  add  the  fame  diftance,  or  fo 
remove  it  from  the  Centre  that  C  B  be  double  to  CD;  Thus  a 
weight  of  1  poundbeing  placed  in  B,it  will  be  again  in  Equilibro, 
experience  ihews  this,  but  the  reafon  is  to  be  fought. 

Firft, 
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Firft,  I  fuppofe  any  heavy  body  to  refill  a  motion  upwards 
and  the  greater  it  is,  the  greater  motion  it  wifi  refill;  fo  thac 
a  greater  violence  or  force  is  required  to  move  upwards  a 
weight  of  i  pound  die  fpaceof  two  feet,  than  to  raife  the  fame 
weight  but  one  foot  high,  or  at  leaf!  it  requires  a  force  to  be 
applied  of  a  longer  continuance  of  time. 

Secondly,  I  fuppofe  while  the  weight  is  moved  downward, 
the  weight  on  the  other  parr  of  it  may  move  fomewhat  up¬ 
ward,  fo  that  it  may  overcome  the  lefiftance  which  the  oppo- 
fite  weight  hadi  to  motion  upward  •  alfo  while  a  weight  is 
moved  more  down  or  lower,  it  produces  a  greater  Impetus ,  to¬ 
gether  with  that  motion  which  would  have  bin  if  the  motion 
had  bin  left;  this  laft  part  of  the  fuppoljcion  fee-ms  hard,  there¬ 
fore  I  dull  explain  it  more  largly. 

I  Suppofe  thirdly  fome  productive  caufe  of  motion  to  be 
given,  diftinCt  for  the  moll  part  from  the  principal  agent  to 
which  motion  isqfcribed,as  in  things  projected  or  call  from  one, 
I  think  in  good  rhilofophy  it  can  fcarcely  be  denied,  fuch  like 
caufe  befides  motion  which  is  fucceffive,  and  no  part  whereof 
exifls  with  the  other,  and  therefore  the  other  cannot  be  the 
caufe,  for  every  effective  caufe  aCteth  not  but  when  it  exifls; 
Therefore  while  its  aClion  exifls,  it  felf  alfo  exifls,  and  while 
its  aCtion  exifls  the  effeCt  exifls  by  fuch  aCtion  produced :  There¬ 
fore  while  any  effeCt  is  produced  and  exifls,  its  caufe  exifls,  bus 
while  one  part  of  motion  exifls,  another  part  exifleth  not,  there¬ 
fore  one  part  of  motion  cannot  be  produced  from  another,  and 
therefore  another  caufe  of  motion  ought  to  be  admitted,  but 
this  caufe  is  not  the  principal  agent  to  which  motion  is 
attributed,  for  firft  in  things  projected,  the  hand  which  throws 
the  ftone  is  not  any  more  join’d  with  the  Hone  in  conveying 
it  through  the  air,  and  therefore  produces  nothing  further, 
neither  can  that  be  attributed  to  air  that  fome  do,  to"  wit,  that 
the  hand  while  it  Impels  the  Stone,  impels  likewife  the  conti¬ 
guous  air,  and  that  air  other  air,  untill  it  make  a  Circulation, 
and  this  laft  air  carries-,  the  Stone  farther;  but  on  the  contrary' 
in  the  fame  precife  Moment  and  time  wherein  the  Stone  joined 
to  the  hand  moves  the  air  juft  before  it,  (  fince  Penetration  is 
not  granted  )  in  the  fame  time  alfo  this  air  moves  the  follow¬ 
ing  air,  and  fo  confequently  makes  the  whole  Circulation  at 
the  fame  precife  time,  and  there  is  found  only  the  priority  of 
dependence:  Suppofe  the  motion  of  the  Stone  to  be  from  the 
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point  A  to  R,  and  in  the  fame  precife  time  it  makes  the  whole 
Circulation,  and  the  air  which  was  in  E  follows  in  F,  neither 
hath  it  greater  force  to  farther  motion  than  it  hath  from  the 
Stone;  from  the  following  time  I  ask  whether  the  motion  of 
the  air  F  depends  on  the  motion  of  the  Stone,  or  the  motion 
of  the  Stone  on  the  motion  of  the  air,  if  you  fay  the  fird,  I 
demand  again  from  whence  the  Stone  is  moved,  if  the  fecond, 
I  ask  from  whence  the  air  is  moved,  for  the  pa  if  morion  of 
the  done  cannot  be  the  caufe  of  motion  of  the  prefent  air, 
therefore  it  is  neceffary  to  fay  fomething  is  added  to  the  Stone 
from  whence  it  is  carried  through  the  air,  and  this  I  call  Impetus , 
or  force,  whatfoever  it  be. 

Moreover  I  will  fhew,  Impetus  being  granted,  viz*.  While 
a  body  defcends  it  feems  to  me  a  reafon  to  be  alledged,  why 
in  the  fird  fpace  of  time  the  body  defcends  one  foot,  in  the 
fecond  three,  in  the  third  five,  in  the  fourth  feven,  and  fo  on, 
unlefs  the  continual  production  of  fome  Impetus  be  admitted, 
which  is  the  immediate  productive  caufe  of  motion,  which 
Impetus  is  permanent  and  may  be  increafed. 

Alfo  it  follows,  that  a  fecond  Impetus  is  not  produced,  un¬ 
lefs  the  fil'd  hath  and  produces  fome  motion,  let  two  weights 
be  fufpended  in  the  air,  each  produces  fome  Impetus  in  it  felf, 
and  alfo  in  the  body  which  they  hang  on,  let  one  weight  be 
moved  by  the  fpace  of  three  indantes,  or  moments,  fo  that 
after  that  third  indant  it  hath  an  Impetus  as  three,  let  down 
the  fecond  weight  in  the  begining  of  the  fourth  Indant,  where¬ 
fore  it  hath  not  the  Impetus  as  three  as  the  ocher  weighty  be- 
caufe  (  you’l  fay  )  it  remains  unmoved,  and  the  other  is  mov¬ 
ed:  therefore  motion  is  the  condition  to  the  producing  a 
farther  Impetus ,  at  lead  fuch  motion  whofe  Impetus  is  accord¬ 
ing  to  nature. 

Which  I  fhall  likewife  make  good  from  other  experiments : 
Fird,  why  while  I  drive  a  nail  with  a  hammer  of  a  longer 
handle  I  produce  a  dronger  blow,  or  droak,  in  like  manner, 
if  I  lift  the  arm  and  the  hammer  higher,  fo  that  it  defcribes  a 
greater  circle,  the  droak  is  made  more  valid  and  drong ;  no 
other  reafon  can  be  given,  but  that  by  the  greater  motion 
(  whether  as  the  condition,  or  as  the  caufe,  it  matters  not  )  a 
dronger  Impetus  is  produced,  fo  that  the  power  unlefs  it  be 
moved,  never  produces  in  the  begining  of  its  motion  fuch 
Impetus  in  the  nail,  how  great  foever  the  endeavour  be,  as  it 

produces 
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produces  while  it  hath  feme  motion ;  fo  that  if  ro  men  prefs 
■with  their  weight  upon  a  nail  it  doth  not  enter  the  wood  fo 
well,  as  if  it  be  drove  with  an  hammer  by  one  man. 

While  any  one  runs  a  pace,  if  his  feet  be  ftopt  he  cannot 
chufe  but  fall  ;  and  fo  ahorfe  on  full  fpeed  can  fcarce  be  held 
in,  whence  they  lift  up  their  fore  feet,  as  it  were  a  contrary 
motion  to  afwage  every  concieved  Impetus ;  While  a  boat  is 
carried  with  a  great  Impetus ,  and  is  fuddenly  ftopt  at  the  ftioar, 
all  that  are  in  the  boat  are  moved,  becaufe  now  the  concieved 
Impetus  is  conveyed  farther  they  bend  forward  being  Hope. 

And  I  fhall  fhew  that  a  weight  of  one  pound  placed  a  little 
farther  from  the  Centre  than  another  weight  of  one  pound, 
will  raife  it  up  5  fuppofe  two  weights  equal  each  to  one  pound, 
fo  placed  in  a  ballance  that  one  is  double  the  diftance  of  the 
other  from  the  Centre;  whence  I  thus  argue. 

The  weight  of  1  pound  while  it  moves  downward  2  feet, 
may  over  come  the  refiftance  which  a  weight  of  one  pound 
hath  to  motion  upwards  one  foot:  therefore  if  they  are  fd  fit¬ 
ted  in  the  ballance,  that  while  one  isdepreffed  2  feet,  the  o- 
theris  only  raifed  1  foot,  it  raifes  that  upward;  The  antece¬ 
dent  is  proved,  while  the  weight  of  one  pound  is  moved 
downwards  2  feet,  its  adtive  force  or  Impetus  which  it  puts 
forth  together  with  fuch  motion,  is  predfely  equal  to  that 
refiHance  which  the  oppofite  and  equal  weight  hath  to  motion 
upwards  two  feet,  but  the  refiftance  to  motion  upwards  one 
foot  is  lefs  than  to  motion  upwards  two  feet ;  therefore 
while  one  pound  weight  is  moved  downwards  2  feet,  the  o- 
ther  pound  weight  may  be  moved  upward  one  foot;  But  when 
two  equal  weights  are  fo  placed  in  a  ballance,  that  one  is 
doubly  diftant  from  the  Centre  to  the  other,  it  alfo  effects  a 
double  (pace  to  that  which  its  oppofite  effedts ;  therefore  we  have 
one  reafon  now,  why  between  equal  weights  that  which  is  far- 
theft  diftant  from  the  Centre  is  deprelfed,  and  raifes  up  its 
oppofite  weight,  which  may  be  alfo  proved  in  this  manner; 
when  two  unequal  weights  are  equally  diftant  from  the  Cen¬ 
tre  the  greater  raifes  the  leffer,  becaufe  the  parts  of  motion 
downwards  are  more  than  thofe  upwards,  and  in  like  manner 
when  equal  weights  are  fo  placed  in  a  ballance,  that  one  is 
farther  diftant  from  the  Centre  than  t’other,  the  parts  of  moti¬ 
on  downwards  will  be  more  in  one  than  the  parts  of  motion 
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upwards,  are  in  the  other  ( or  its  oppoiite)  therefore  the 
weight  which  is  fartheft  diftant  from  the  Centre  will  raife  the 
other  oppoiite being  equal  to  its  felf.. 

The  motion  upwards  of  heavy  things  is  again#  nature,  and 
the  violent  motion  of  them  downwards  is  agreeable  to  nature 
but  how  much  that  is  which  isagainft  nature,  fo.much  is  the 
refinance  to  that ;  and  how  much  that  is  which  is  agreeable  to,, 
nature,  fo  much  is  its  inclination  and  aftive  force  to  overcome 
the  oppoiite  refinance ;  therefore  where  there  is  a  greater  moti¬ 
on  downwards  than  the  motion  upwards,  the  active  force  of 
refiling  will  overcome. 

The  fecond  reafon  is ;  a  greater  Impetus  is  required  to  move 
the  fame  weight  a  greater  (pace  than  a  lefs,  whether  the  whole  - 
Impetus  be  produced  together,  as  happens  in  things  projected 
or.  thrown  5  or  fucceftively?as  when  a  weight  is  drawn. .  ' 

Alfa  a  greater  Impetus  is  required  to  move  a  greater  weight 
fome  fpaee,  than  to  move  a  lefs  weight  the  fame  fpace  5  whence  II 
thus  argue, an  Impetus  which  is  required.to  move  a  weight  of  two 
pound  one  foot,  is  double  to  the  Impetus  which  is  required  to  . 
move  one  pound  one  foot  5  But  the  Impetus which  is  required  i 
to  move  one  pound,  two  feet,  is  in  like  manner  double  to  that:  - 
which  is  required  to  move  one  pound  one  foot;  therefore  the  Im¬ 
petus  whichis  required  to  move  two  pounds  one  foot,is  equal  to 
the  Impetus  neceftary  to  move  one  pound  two  feet, for  thofe  fame 
things  which  are  doubled  are  equal  among  themfelves:  But 
when  two  weights  are  fo  placed  in  a  ballance  that  the  weight  • 
of  two  pound<  is  diftant  from  the  centre  one  foot,  ar.d  the 
weight  of  1  pound  is  diftant  two  feet ;  while  the  weight  of 
1  pound  is  moved  downwards  two  feet,  the  weight  of  two 
pound  is  elevated  one  foot ;  and  one  pound  weight  as  moving 
downwards  two  feet  is  in  Equilibria  with  one  pound  moving 
upwards  two  feet:  Therefore  one  pound  moving  2  feet,  will 
be  in  Equilibria  with  2  pound  moving  upward  i  foot. 

And  that  we  may  render  the  fame  reafon  more  univerfal, 
and  that  we  may  apply  it  not  only  to  weights  and  ballances, 
but  that  we  may  extend  it*  to  a llEngins  in.  general:  Suppofe  as 
before,  by  how  much  more  the  power  is  that  is  moved,  by  lb  > 
much  the  greater  andftronger  is  the  Impetus  produced  5  there¬ 
fore  if  a  power  while  it  is  moved  1  foot  can  move  100  pound  i 
1  foot^  while  the  fame  power  is  moved  two  feet  it  will  move 
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ioo  pound  i  foot }  to  clear  which  point,  fuppofe  for  explica¬ 
tion  fake  a  certain  opinion  rejected  by  mod  Vhllofephers ,  to  wit, 
that  time  increafes  or  grows  from  indivifible  Inftants  fucceed- 
ing  each  other}  fuppofe  likewife  that  which  neceflarily  follows 
from  fuch  an  opinion,  to  wit,  the  flownefs  of  motion  is  pofited 
in  more  or  lefs  little  Stales  of  reft,  which  opinion  I  do  not  pro- 
pofe  that  in  it  I  may  found  my  reafon,  but  only  that  I  may 
fhun  that  confulion  which  the  common  fentence  begets,  con¬ 
cerning  the  continued  compofition  from  parts  infinitely  di- 
vifible }  for  when  they  treat  of  this  infinity,  kis  no  wonder  if 
they  mixobfcurity  and  darknefs  together}  Therefore  fuppofe 
a  power  which  while  it  is  moved  one  point  may  move  ioo 
pound  one  point,  and  being  fitted  in  an  Evgln  fo  that  while  the 
power  is  moved  two  points,  the  weight  is  moved  only  one  point. 

In  fuch  a  fuppofltion,  the  power  will  be  moved  the  fpace  of 
one  point,  the  weight  all  the  while  no  ways  refilling  fuch  a 
motion,  becaufe  the  weight  as  yet  is  at  reft,  but  when  the 
power  is  moved  to  the  fecond  point,  it  hath  a  double  Impetus , 
the  Impetus  produced  in  the  mean  time  while  it  is  moved 
through  thofe  two  points,  but  a  double  Impetus  moves  a  double 
weight}  therefore  the  power  which  is  moved  two  points  will 
move  a  double  weight  one  point,  if  it-  be  fo  fitted  in  an  Engin 
that  neceflarily  its  motion  ought  to  be  double  to  that  which 
follows  in  the  weight. 

And  although  this  opinion  Concerning  continuals  fhouldnot 
be  true,  and  the  power  fhould  never  be  moved  but  the  weight 
fhould  be  moved  although  (lowly }  nevefth  clefs  fince  a  power 
exerts  a  greater  Impetus  when  it  is  moll  moved  }  as  often  as  the 
motion  is  greater  in  it  than  in  the  weight,  fo  often  the  Im 
petus  will  be  greater  in  it,  than  if  it  had  bin  moved  equal!] 
with  the  weight}  bur  a  greater  Impetus  can  overcome  a  greater 
weight,  therefore  a  greater  motion  of  a  power  compared 
with  a  lefler  motion  of  a  weight  can  alfo  overcome  a  greater 
weight. 

To  make  it  clearer,  Suppofe,  to  move  a  weight  of  ioo 
pound  one  foot,  an  Impetus  be  required  as  4,  which  the 
power  A  may  produce,  and  as  I  may  fo  fay,  to  lift  it  up  while 
it  is  moved  one  foot }  there  will  be  required  to  move  a  weight 
of  200  pound  one  foot, an  Impetus  as  8,  but  an  Impetus  as  8  is  pro-, 
duced  from  a  power  if  it  be  moved  2  feet}  For  more  Impetus  is 
produced  from  a  power  while  kis  moved  two  feet  than  v/hile 
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’tis  moved  one  foot,  therefore  that  principle  remains,  viz,. 
The  Power  as  moved  2  feet  elfefts  the  fame,  as  two  powers 
which  are  moved  only  1  foot  3  and  we  muft  not  think  Impetus 
to  be  fo  fluent  of  nature,  as  not  to  maintain  and  as  it  were 
heap  together,  that  is,  if  the  power  be  moved  for  fome  time 
it  ihould  not  increafe,  alfo  its  intenfive  Impetus  is  not  refilled 
by  fuch  Impetus-,  in  like  manner,  a  weight  is  norfuppofed  fo 
to  refill  a  idler  motion,  as  a  greater ;  whence  if  a  power  be 
fo  compared  with  a  weight,  that  while  it  is  moved  1  foot  the 
weight  is  neceflarily  moved  the  fame,  and  the  refiftance  of  the 
weight  is  greater  as  moving  one  foot  than  the  Impetus  which 
is  produced  from  the  power  being  moved  1  foot,  no  motion 
follows;  but  if  an  Engm  thus  diftributes  the  fame  Impetus ,  that 
the  whole  be  Imployed  in  moving  the  fame  weight  half  a  foot 
it  will  make  fome  motion. 

Neverthelefe  becaufe  this  thing  is  of  fo  great  moment,  and 
contains  the  mofl  univerfal  Principle  in  nature,  therefore  his 
worth  our  while  to  profecuce  the  thing  a  little  farther,  and  to 
apply  it  in  every  part  that  it  may  appear  more  plainly. 

I  fuppofe  firft,  that  his  equivalently  the  fame  thing  to  apply 
b  motive  power  as  one,  fucceffivel'y  to  move  a  body,  fuppofe  the 
fpace  of  §  feet,  fo  that  it  move  in  the  fir#  time  the  fpace  of 
r  foot,  moreover  the  fame  power  moverh  in  the  fecond  time 
by  another,  and  fo  on,,  and  to  apply  five  moving  Powers- 
SUcceilively  as  one ;  of  which, to  wit,  the  firft  moves  in  the  firft: 
time  1  foot,  the  fecond  in  the  fecond  time  following,  the 
third  by  the  third,  and  fo  on  ;  for  the  moving  power  as  one 
if  it  be  applied  to  the  fecond  time,  may  as  well  move  a- 
n  other  alfo  like  it  felf,  therefore  the  fame  will  be  Equivalent 
whether  the  fame  motion  continue,  or  another  like  to  it  be 
Subftituted. 

Secondly  I  fuppofe  to  move  or  fuftain  a  body,  to  be  the 
fame,  as  to  apply  five  powers  each  of  which  is  a  power  as  1, 
and  to  apply  1  fo  that  it  may  be  a  power  as  5,  as  if  in  one 
ballance  you  put  a  body  of  Gold  of  one  foot,  the  fame  will 
out  v^eigh  $  bodies  of  each  x  foot  of  another  matter,  which 
is  five  times  lighter  than  Gold,  for  neither  hath  the  moving 
virtue  in  it  felf,  as  the  firft  quality ;  for  if  $  heats  or  warm 
things  are  put  as  ?,  they  can  never  be  produced  in  the  Subject 
but  as  one  heat :  But  and  if  2  Powers  are  fufficient  to  move 
each  of  them  a  weight  of  1 00  pound,  If  they  are  joyn’d  and 
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concur  together  they  will  overcome  or  move  a  weight  of 
2oo  pounds;  This  rule  is  common  in  all  Equivocal  Agents, 
foifthe  powers  of  two  candles  in  fame  determinate  place, 
each  of  them  produces  1  degree  of  light,  adting  together  in  the 
fame  place  they  produce  a  greater  degree  of  light;  fo  while  the 
Sun  in  an  Eclipfe  is  hid  in  fome  parts,  the  light  Shineth  more 
weakly,  therefore  in  thefe  cafes  extenfion  begets  inten(ion,or. 
is  equivalent  to  it. 

Suppofe  two  men  move  unequally,  to  wit,  with  a  double, 
velocity  one  to  the  other  3  what  is  in  one  that  is  not  in  the 
other;  And  firft  it  is  certain  that  the  motion  of  the  one  is 
always  double  to  the  other,  fo  that  while  one  is  moved  one 
foot,  the  other  only  moves  half  a  foot;  and  while  the  firft 
paflts  over  half  a  foot,  the  other  pafles  over  a  quarter  of  a 
foot ;  and  in  whatfoever  time  affignable,  the  pans  of  motion 
in  the  one  are  more  than  in  the  other,  whence  ’tis  certain  in 
the  fecond  place,  if  the  motion  of  the  power  confers  to  this 
that  it  move  the  oppofite  weight,  while  the  power  hath  greater 
motion  it  produces  a  greater  Impetus  in  the  oppofite  weight, 
from  whence  the  argument  may  be  formed. 

A  power  advances  its  force  by  motion,  therefore  while  his 
moved  wirh  a  double  velocity,  his  equivalent  to  a  double  force, 
but  a  double  virtue  or  force  can  move  a  weight  doubly  greater, 
or  as  great  again,  therefore  a  power  moved  with  a  double  ve¬ 
locity  can  move  a  weight  doubly  greater;  the  firft  Antecedent 
is  certain,  for  a  power  however  it  be  applied  will  not  move 
unlefs  it  be  moved,  whether  its  motion  be  the  condition  to  this 
that  moves,  or  whether  the  motion  it  felf  be  the  immediate 
caufe  of  motion, it  matters  not ;  neither  is  there  need  to  examin 
thefe  things,  fince  divers  explications  arife  from  divers  phifical 
principles:  For  fome  acknowledge  no  motion  which  takes 
not  its  rife  from  Impetus  or  force,  and  confequently  to  produce 
a  greater  motion  in  a  power,  they  require  a  more  ftronger  bn- 
petus ;  therefore  if  a  power  be  moved  with  a  velocity  double  • 
to  the  weight,  it  produces  an  Impetus  doubly  ftronger  to  that 
which  it  would  have  had  if  it  had  bin  moved  equally  with  the 
weight:  But  if  it  be  moved  equally  with  the  weight,  the  Im¬ 
petus  which  is  produced  in  it  felf  fhould  be  fufficient  to  move 
100  pound  fuch  a  fpace;  therefore  if  it  be  moved  with  a 
double  velocity  it  will  move  200  pound  the  fame  fpace;  being  , 
explained,  we’ll  Suppofe  a  free  Power  to  impel  lightly  fome 
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weight,  fo  that  by  the  force  of  its  nnpreUion  it  is  not  moved, 
it  will  ufe  a  greater  endeavour  and  at  length  moves  it.  1  ask 
what  makes  that  greater  endeavour  unlefs  a  more  Wronger  Im¬ 
petus  be  produced  (  fuppofing  always  that  (rich  Impetus  is  grant¬ 
ed  )  but  if  the  power  it  felf  be  moved  more  fwiftly,  it  pro¬ 
duces  a  greater  Impetus :  Therefore  by  the  greater  motion  of  a. 
power  is  adhibited  that  which  is  neceflary,  that  a  weight  may 
be  moved  doubly  greater  (or  as  great  again )  each  part  is 
proved,  to  wit,  while  any  body  is  moved  more  fwiftly  a 
Wronger  Impetus  is  produced ;  or  the  intenfe  motion  being 
Secluded  what  way  foever  from  Impetus ,  the  fucceffion  of  fo 
much  local  motion  is  agreeable  with  intention  •  For  the  velocity 
of  motion  is  fome  perfection  which  cannot  be  explicated,  be- 
caufe  of  the  fucceflion  of  motion,  and  the  infinite  divifibility 
of  time.  Notwithftanding  in  each  opinion,  velocity  or  Swift- 
nefs  is  faid  to  be  fome  perfection  of  motion  :  For  fuppofe  in 
Fig.  14  fome  motion  in  Angles,  in  as  much  as  fome  think  them 
indiviflible,  let  ABCD  a  potent  angle  in  one  infant  aifo 
indivifiible  be  fo  moved,  that  leaving  the  former  (pace  ABCD 
it  poffelTes  the  next  following  C  D  E  F,  Suppofe  another  angle 
or  as  fome  call  it,  a  Phyf cal  point  G  H  K  I  be  fo  moved  in 
the  fame  indivisible  infant,  that  leaving  the  former-fpace  G  H 
.K  I  it  pofeffes  the  fpace  LMO  N,  Surely  the  former  motion  is 
a  more  perfeCt  motion  than  the  fecond,  and  therefore  if  there 
be  required  an  Impetus  to  motion,  there  is  required  a  more 
fronger  to  effeCt  the  firft  motion  than  the  fecond :  But  if  no 
Impetus  be  required,  but  inrjiiediately  motion  be  produced 
from  the  power,  there  is  required  a  far  fronger  endeavour  to 
obtain  the  former  than  the  latter  ;  Wherefore  to  conclude  the 
greater  endeavour  ofPower  moveth  a  greater  weight  than  a  lefler 
but  a  greater  endeavour  of  power  is  advanced  while  kis  moved 
fwiftly  than  while  flowly,  therefore  while  a  power  is  moved 
fwiftly,  it  alfo  moves  a  greater  weight. 

Alfo  the  firf  confequent  is  plain,  to  wit,  (  while  a  power 
is  moved  with  a  double  velocity  kis  equivalent  to  a  double 
power  )  for  fure  it  is,  while  any  power  adhibits  or  ufes  an  en¬ 
deavour  doubly  greater,  kis  equivalent  to  two  powers  each  ad- 
hibitting  or  ufing  an  endeavour  doubly  lefler.  So  one  horfe  if 
he  endeavours  much,  may  draw  a  determined  weight,  which 
he  may  draw  twice  as  ealy,  and  without  fo  great  endeavour, if 
.another  horfe  be  joined  with  him  to  affifl.  Wherefore  if  it  be 
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moved  more  fCviftly  it  will  be  equivalent  in  order  to  move  a 
weight  of  a  greater  force,  although  fomtimes  the  weight  cloth 
not.mcreafe  its  motion  ,  for  if  the  motion  of  the  power  be  in- 
creafedghe  motion  of  the  weight  is  equally  increak.  A  power 
moved  more  fwift  will  indeed  be  equivalent  to  a  greater,  but 
all  that  perfection  which  happens  to  it  from  motion  relates  to 
the  making  the  motion  of  the  weight  greater,  for  a  weight  of 
a  greater  motion  refifteth  more,  therefore  in  motion  thefe  two 
are  always  taken  for  the  fame,  to  wit,  to  move  a  greater 
weight  to  a  lefs  fpace,  and  a  lefs  weight  to  a  greater  fpace; 
for  as  to  move  a  greater  weight  a  greater  endeavour  is  required, 
fo  to  move  a  weight, to  a  greater  fpace,  a  greater  endeavour  is 
alfo  required,  The  whole  artifice  of  Engins  then  confifts  in 
comparing  the  greater  motion  of  the  Power  with  the  Idler 
motion  of  the  weight,  and  according  to  the  proportion  of  ex- 
cefs  the  Force  of  the  Powers  are  increaft  5  becaufe  powers  in¬ 
crease  not  their  force  but  by  motion,  and  therefore  motion « 
doubly  fwifter,  produces  Impetus  doubly  greater. 
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IT  is  certain,  that  the  fame  body  moved  with  unequal  fwift— 
nefs,  '  will  have  unequal  force  5  alfo  a  greater  body  moved  : 
with  the  fame  fwiftnefs  as  a  Idler,  will  have  greater  force  3  and! 
we  fee  likewife  in  Engins  that  weights  may  be  fo  difpofedi 
from  one  place  to  another,  that  the  motion  which  is  made  from 
one  hath  the  fame  proportion  to  the  motion  of  another  3  and! 
alfo  that  weight  to  weight  is  made  reciprocally  in  Equilibro , 
fo  that  the  double  celerity  or  fwiftnefs  of  one  pound,  will  be 
equivalent  to  the  Subduple  celerity  of  two  pounds  3  We  may 
alfo  transfer  the  fame  principle  to  other  moveable  bodies,  al¬ 
though  they  are  at  liberty,  that  is  not  , being  difpofed  in  any/ 
Engin  :  For  it  hath  not  lefs  force  w  hen  it  is  free  and  loofcd  i 
from  Machines  or  Engines  than  when  il  ls,  faftned  to  feme.  Body, 
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but  i  pound  with  the  velocity  as  2,  is  equivalent  to  2  pounds 
having  the  velocity  as  one  :  Therefore  alfo  without  an  Engin ,  a 
moveable  body  as  1  with  a  velocity  as  2,  will  effed  the  fame  as 
a  moveable  body  as  two  with  a  velocity  as  1 .  The  reafon  is, 
becaufe  the  motion  or  degree  of  velocity  is  die  fame  in  both,  in 
a  greater  body  they  are  fewer  in  each  part;  in  a  leffer  more. 
Neither  is  there  any  other  reafon,  why  while  they  are  joined 
in  Englns  they  are  of  equal  force, and  one  exrenfion  compenfates 
another,  and  without  an  Engin  the  fame  will  nor  happen. 

Wherfore  the  moments  or  forces  of  equal  bodies,  or  the 
parts  moved  are  to  one  another,  as  their  velocities ;  and  equal 
velocity,  as  the  magnitude  of  bodies ;  for  commonly,  moment 
and  force,  and  parts  moved,  fignifie  the  fame,  except  fomedmes 
moment  likewife  is  attributed  to  bodies  at  red:,  which  have 
notwidiftanding  an  aptitude  to  motion,  wherefore  what  we 
iliall  fay  concerning  moments  may  be  faid  of  forces. 

If  2  unequal  moved  bodies  be  compared,  their  force  or 
moved  parts  will  be  in  proportion  compounded  of  the  propor¬ 
tions  of  the  bodies,  and  of  their  velocities,  becaufe  every  part 
of  a  body  is  fuppofed  to  be  moved  with  the  fame  velocity, 
or  degree  of  force;  whence  it  happens,  if  the  motion  of  one 
body  be  communicated  to  another  equally,  the  velocity  will  be 
equal,  if  the  velocities  of  the  greater  and  the  magnitudes  of 
the  bodies  be  reciprocal. 

Whence  we  conclude, if  a  moved  body  runs  again  ft  another 
body  at  reft  all  reflexion  being  excluded,  to  wit,  if  each  body 
be  foft,  they  proceed  together,  and  the  velocity  of  the  former 
will  be  to  the  velocity  of  the  aggregate  of  the  whole,  as  the 
whole  aggregate  to  the  firft  movent  reciprocally ;  For  fince  in 
the  former  there  are  fo  many  degrees  or  parts  of  motion,  and 
each  of  its  parts  are  diftributed  in  the  aggregate  ;  to  get  the 
velocity  of  the  firft  movent,  the  quantity  of  motion  which  is 
always  the  fame  muft  be  divided  by  the  number  of  parts  of  the 
aggregate ;  Therefore  the  fame  number  of  parts  of  motion  is 
generated  from  the  aggregate ;  in  its  velocity,  as  from  the  firft 
movent  in  its  velocity.  Therefore  if  you  difpoie  the  aggre¬ 
gate,  the  firft  movent,  the  velocity  of  the  firft  movent,  and 
the  velocity  of  the  aggregate,  fince  the  re&angle  of  the  firft 
and  the  laft  is  equal  to  the  redlangle  made  of  the  2  means ; 
fo  will  the  aggregate  be  to  the  firft  movent,  as  the  velocity  of 
the  firft  movent  to  the  velocity  of  the  aggregate. 
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We  mud  reafon  after*  the  fame  manner  in  other  cafes  which 
may  happen j  as  if  there  be  two  equal  movems)or  bodies  mov¬ 
ed)  which  are  born  in  the  fame  part, one  hath  the  velocity  as  4, 
the  other  as  8,  and  the  more  Swift  incurs  or  meets  in  the  lefs 
Swift ;  1  fay  after  the  meeting,  the  velocity  of  the  Aggregate 
is  as  6  j  for  fince  the  Bodies  are  equal,  the  parts  moved  will 
be  as  the  velocities  8  and  4;  wherefore  the  motion  in  them 
will  be  as  n :  but  after  the  meeting  the  parts  moved  ought 
to  be  the  fame  fo  many,  therefore  the  motion  in  the  whole 
aggregate  will  be  as  12,  and  in  each  body  as  6  therefore  the 
velocity  of  the  leaft,  before  their  meeting  was  4  and  after¬ 
wards  6  ;  and  of  the  greater  8  and  after  meeting  but  6. 

Thirdly,  if  two  equal  bodies  with  equal  velocities  meet  each 
other,  excluding  all  reflexion,  they  will  r eft,  becaufe  thefc 
velocities  meeting  one  another,  deflroy  each  other,  as  when 
you  put  contrary  qualities  in  the  fame  Subject 

Fourthly,  if  2  unequal  bodies,  fuppofe  2  globes  one  of  one 
pound  weight  and  the  other  of  2  pound,  meet  each  other  di¬ 
re  £tly  with  equal  velocities,  fuppofe  as  4,  the  Aggregate  fol¬ 
lows  the  direction  of  the  greater,  and  the  velocity  will  be  as 
1  f,  for  the  quantity  of  motion  in  the  greater  is  as  8,  in  the 
Idler  as  4,  while  they  meet  each  other  the  motion  of  the  lefs  as 
4  detracts  fo  much  from  the  greater,  therefore  the  quantity 
of  motion  remaining  is  as  4,  to  be  divided  by  3  pounds,  there 
will  be  in  each  pound,  one  degree  and  f. 

Fifthly,  if  two  equal  bodies  with  unequal  velocities  meet 
each  other,  fuppofe  one  hath  velocity  as  2  the  other  as  4;  after 
meeting,  Secluding  reflection,  the  quantity  of  motion  remain¬ 
ing  will  be  as  2,  each  being  divided,  and  therefore  the  aggre¬ 
gate  will  be  moved  as  1. 

Sixthly, Suppofe  two  unequal  bodies  one  whereof  is  one  pound, 
and  is  moved  with  a  velocity  as  3 :  and  the  other  is  2  pound, and 
hath  a  velocity  as  4  5  the  quantity  of  motion  in  the  firft  is  3,  In 
the  fecond  10,  for  when  they  meet,  the  Idler  quantity  deftroys 
fomany  degrees  of  t’other  as  it  com.  ins  it  fdf,  therefore,  theje 
remains  7  to  be  divided  by  3  pound  :  Wherefore  ip  the  whole 
aggregate  there  will  be  2  degrees  and  ~  of  velocity. 

Fig,  15.  If  2  unequal  Bodies  be  placed  in  two  equal 
Branches  or  Arms  of  a  Beam  (  as  a  pair  of  Scales )  I  fay  the 
velocity  of  the  greater  only  will  be  to  the  velocity  of  the  aggre¬ 
gate,  as  the  aggregate  to  the  greater  weight.  Suppofe  a 
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w  eight  of  two  pounds,  which  if  it  be  moved  alone  from  Ain 
B  with  a  velocity  as  4.  Put  on  the  other  part  a  moveable  body 
as.  1, which  fuppofe  to  move  downwards  with  the  fame  velocity  : 
And  thefe  weights  being  compared  as  two  meeting  each  other 
vvith  equal  velocity,  wherefore  fince  the  quantity  of  motion 
in  the  greater  is  8  degrees,  and  in  the  fecond  4,  and  fuppofing, 
them  contrary  to  each  other  j  the  motion  in  the  aggregate 
remaining  is  as  4  to  be  divided  by  34  the  velocity  therefore  in 
each  will  be  as  1  f, 

if  there  llion  Id  be  2  equal  Pendulums  placed  in  two -unequal 
Branches,  the  manner  of  reafoning  will  be  the  fame.  Suppofe 
then  the  weights  A  and  C  to  be  equal,  but  the  diftance  A  D  to- 
be  oouble  the  diftance  DCj  in  fuch  difpofitio-n  the  velocity  of 
die  weight  A  will  be  double  the  velocity  of  the  weight  C, 
wherefore  the  quantity  of  motion  in  A  will  be  double:  Sup- 
pole  the  motion  in  A  as  in  C  as  4,  which  motion  ftnee  *ri$ 
contrary  deftroys  from  the  motion  of  the  weight  A,  4  parts 
therefore  there  remains  4  parts  to  be  divided,  fo  char  that  of 
the  weight  A  have  2  parts,  and  that  of  the  weight  C,  1  part 
Therefore  there  are  in  A2  parts  and  fq  and  in  C  1  part  and  fl 


PROP  OS.  VI, 

Concerning  the  Proportion  of  weights  7  on  the  ends  of  the 
sdrms  oj  a  .Ball ance^  Variously  placed  from  the 
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Pig.  1.6*  jpHe  proportion  of  a  weight  in  C  to  the  fame  weight 
,  1  in  F,  will  be  as  the  whole  Arm  BC,  to  its  pare 
J  u'  y0CH*if  Pi:iSed  between  the  Centre  and  the  line  of  inclina¬ 
tion  F  u  M,  which  the  weight  freely  makes  from  the  extream  F 
to.wai  ds  r lie  Centre  of  the  world.  For  the  better  underftand- 
mg  wheieor,  iuppofe  on  the  other  Arm  of  the  ballance  B  D 
and  m  the  ext  ream  D,  a  weight  placed  being  lefs  in  weight 
than  C,  as  B  u  pan  of  B  C  which  is  lefs  than  B  D,  It  is  clear 
Tom  the  6  Pi  opoution  of  the  1  book  of  Archimedes  of  weights 
mat  h  in  the  point  u  you  place  the  fame  weight  Q  the  ball 
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lance  will  little  or  nothing  be  moved  from  the  Horizontal  por¬ 
tion.  But  if  the  weight  F  equal  to  C  be  placed  in  the  extream 
F  of  the  arm  B  F  3  it  is  the  fame  as  if  It  be  placed  in  u  of  the 
Horizontal  line  B  u :  To  the  better  underftanding  whereof, 
Itnagin  a  perpendicular  thred  F  and  in  its  extream  the 
weight  to  hang  which  was  at  F,  whence  it  clearly  appears  that 
it  begets  the  fame  etfeSt  as  when  it  was  in  F  $  which  as  I  faid  but 
now  remaining  fixt  in  the  point  u  of  the  arm  B  u>  it  is  fo  much 
lighter  than  when  it  was  in  C,  as  u  B  is  lefs  than  B  C.  I  fry  the 
fame, if  the  arm  be  pofiited  in  e  B,  which  we  may  eafily  try  if  we 
hang  thred  from  u  of  the  arm  B  C  perpendicular  to  in  which  ex¬ 
tream  hang  a  weight  equal  to  the  weight  C  and  at  liberty  from 
e  of  the  Arm  B  e,  whence  the  ballance  will  remain  Horizontal. 
But  if  the  arm  B  e  be  joyned  in  fuch  fite  with  the  Horizontal 
B  D,  and  the  weight  C  be  hung  in  e  freely  from  a  thred,  it 
will  neither  afeend  nor  defeend,  which  is  only  becaufe  it  is 
hung  by  a  thred  which  hangs  as  much  from  u,  as  that  which  is 
hanged  freely  from  e  oi  the  ar,m  B  e  ;  and  this  proceeds  from 
this,  becaufe  it  partly  hangs  from  the  Centre  B  :  And  if  the 
Arm  or  Beam  ftiould  be  in  the  fite  BQa  the  whole  weight 
would  remain  hung  in  the  Centre  B,  even  as  in  the  fite  t  A 
the  whole  preiTes  to  the  laid  Centre.  Whence  it  comes  to  pais, 
that  in  this  manner  a  weight  is  more  or  lefs  heavy,  by  how 
much  *tis  hung  Farther  from  or  nearer  to  the  Centre 3  and  this 
is  the  only  Caufe  whereby  one  and  the  fame  weight  in  one,  and 
the  fame  mean  becomes  heavier  or  lighter.  And  although  I  call 
the  fide  B  C  Horizontal,  fuppofing  it  to  make  a  right  angle 
with  CO,  whence  the  angle  CBQ_ becomes  lefs  than  a  right 
angle,  by  the  quantity  of  an  angle  equal  to  that  which  is  made 
by  C  O  and  B  QJn  the  Centre  of  the  Elementary  region,  yet 
this  hinders  nothing  fince  the  faid  angle  is  but  of  infenfible 
Magnitude :  From  the  fame  reafons  we  may  conclude,  that  if 
she  point  u  be  equally  in  the  middle  between  the  Centre  B 
and  the  extream  C  3  the  weight  F  or  M  will  hang  or  incline 
according  to  the  half  of  the  faid  Centre  B:  And  if  the  faid  u  be 
nearer  to  B  than  to  the  point  C,  it  will  hang  from  it  or  incline 
to  it  more  than  the  half  3  and  if  more  towards  C,  it  will  be 
kfs  than  half. 
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PROP  OS.  VII. 

How  to  know  what  quantity  any  weight  or  mowing  power 
hath  in  refpefl  to  another  quantity,  by  Perpendiculars* 
drawn  from  the  Centre  o f  the  Ballancp  or  beam  la¬ 
the  line  of  Inclination* 

Fig.  iy.TJ'Rom  what  hasbin  faid  ftiseafy  to  underftand,  that 
JT  the  quantity  B  u  which  is  almoft  perpendicular  from: 
the  centre  B  in  the  16  Fig.  to  the  line  of  Inclination  F  a ,  is 
shat,  which  hath  led  us  into  the  knowledge  of  the  quantity  of 
the  force  of  F  in  this  fite  or  pofition,  to  wit,  the  line  F  u  mak¬ 
ing  with  the  arm  F  B  an  acute  angle  B  F  u :  Neverthelefs  for  the 
better,  underftanding  whereof  we  will  imagin  in  Fig.  jy.  the 
beam  boa  fixt  in  the  Centre  o  at  whofe  ends  or  extreams. 
there  is  fixt  or  hung  two-  weights,  or  two  moving  powers  or 
forces  €  and  <v  yet  fo  that  the  Tine  of  inclination  e  that  is  b  e 
snake  a  right  angle  with  o  b  in  the  point  b ;  and  the  line  of 
Inclination  c  that  is  ac  makes  an  acute  angle  or  an  obtufe 
with  o  a  in  the  point  a.  Imagin  then  the  line  o  t  perpendicu¬ 
lar  to  the  line  of  inclination  ca,  whence  o  t  will  be  lefs  than 
&  a  by  the  18  Prop,  of  i  El  of  Euclid:  Moreover  imagine  o  a 
to  be  cut  in  the  point./*,  fo  that  o  i  be  equal  to  o  and  in  the 
point  i  hang  a  weight  equal  to  c,  whofe  inclination  make  it  a 
line  parallel  to  the  line  of  Inclination  of  the  weight  £,  fuppo- 
fing.  neverthelefs  the  weight  or  power  c  to  be  greater  thane,  in 
fuch  proportion  as  -bo  is  greater  than  oty  without  doubt  by  the 
6  th.  Prop,  of  the  i  ft.  Book  of  Archimedes  de  ecpuipondir  ant  thus ,  hoi 
will  not  be  moved  from  its  fite,  but  if  in  ftead  of  o  i  we  imagine 
o  t,  made  one  with  o  k,  and  the  power  attracted  by  the  line  t  c : 

»’  in  like  manner  alfo  will  touch  as  bot  according  to 
common  reafon  the  fite  is  not  moved ;  therefore  that  which 
was~,  propofed  is  done,  alfo,  hence  we  may  eafily  note,  how 
mich  vigor  and  force  of  weight  or  power  c  at  a  right  angle 
with  o  Alofes,  drawing  lefs:  Hence  alfo  follows  this  Corolary, 
that  by  how  much  nearer  the  centres  of  the  ballance  is  to  the 

centre 
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cenrre  of  the  elementary  region,  by  fo  much  alfo  it  will  be 
lighter. 


PROP  OS.  VIII. 

From  the  two  lajl  Proportions  all  the  caufes  of  Baliances 
and  Leaders  depend.  Fig.  1 8. 


T  He  force  of  any  arm  of  aballance  or  Leaver  that  is  long, 
is  greater  than  a  fhorter,from  the  Preceeding  proportions, 
that  is,  a  weight  placed  on  the  end  of  the  greater  or  longer 
arm,  preffes  or  endeavours  more  as  it  hangs  more  or  lefs  from 
the  Centre. 

Wherefore  Baliances  or  Leavers  are  not  purely  Mdthematick 
lines,  but  natural,  and  hence  bodies  exill  conjoined  with  mattery, 
now  lets  imagin  ns  to  be  a  fuperficies  which  according  to  length 
cuts  the  Axis  of  a  Ballance  y  and  we  will  fuppofe  its  Centre 
firft  in  *,  and  the  greater  arm  to  be  in,  and  the  lefler  in,  and; 
the  Vertical  line  i  o ,  which  let  be  fo  much  as  is  the  thicknefs  • 
of  the  Ballance  from  the  upper  to  the  lower  fide ;  for  the  better 
underftanding  whereof  fuppofe  ns  a  Parallelogram ,  and  put 
t\xr0  equal  weights  on  the  ends  of  the  arms,  experience  teaches 
thit  the  weight  at  u  s ,  is  of  more  force  than  the  weight  at  n  xy 
and  we  would  know  the  caufe  of  this  effect 

We  have  already  faid  that  Baliances  or  Leavers  are  of  matter, 
and  n  $  the  medium  of  its  fuperficies,  fuppofe  now  %  to  be  the 
Centre,  which  ftaies  the  faid  Ballance  or  Leaver ;  let  us  and^ 
nx  be  the  lines  of  inclination  of  the  weights,  and  we  will  im¬ 
agin  that  the  faid  weights  hang  from  the  points  ^  and  n,  as 
indeed  they  do,  although  they  fhould  hang  from  *  and  *,  be- 
caufe  the  point  u  and  the  point  n  are  fo  conjoined  w  ith  s  and 
n,  that  he  that  draws  one,  draws  the  other >  alfo:  Likewife 
we'el  imagin  the  two  lines  i  u,  iny  and  i  e  which  i  e  makes  * 
the  angle  o  i  e  equal  to  the  angle  o  i  n  y  Hence  it  appears  clearly 
if  we  hangthe  weight  u  (which  is  equal  to  the  weight  n  )  at  e, 
that  hath  plainly  the  fame  force  as  the  weight  n  hath,  and 
the  Beam  or  Ballance  will  neither  move  up  nor  down,  Uecaufe 
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both  weights  equally  lean  to  the  centre  /,  by  the  middle  lines  e  i 
and  ni,  blit  thefaid  weight  being  placed  in  u ,  the  lincu  i  by 
which  the  weight  prelTes  to  the  Centre,  is  more  Horizontal 
than  e  /,  and  the  line  of  inclination  u  s  is  more  diftant  from' 
the  Centre  *  than  the  line  e  t  j  whence  the  weight  in  this  man- 
.  ner  being  aifo  more  free  from  the  Centre  /,  refuits  and  is  more 
ponderous  than  when  it  was  in  <?,  for  the  reafons  mentioned 
in  the  two  precedent  proportions,  and  for  this  caufe  weighs 
up  the  \yeight  placed  in  n>  But  if  the  Centre  were  in  o  and 
we  imagin  two  lines  os  and  ^x,  and  fuppofe  the  weights 
placed  in  j  and  xy  whence  the  line  o  s  will  be  more  Horizontal 
than  the  line  o  x>  and  the  line  of  inclination  u  s  will  be  more 
diftant  from  the  centre  o  than  the  line  e  f,  its  weight  will  alfo 
:  be  heavier,  becaufe  it  hangs  fo  much  farther  from  the  Centre 
o,  and  by  reafoning  as  aforefaid  wc  find  the  fame  effedt  to  be 
true :  In  Ballances  rightly  and  properly  fo  called  x  i  s  or  n  o  u 
may  be  Horizontal ,  but  in  all  kinds  of  Leavers  this  only  is  laid 
by  a  certain  fimilitude,  we  may  contemplate  the  fame  by 
fuppofing  the  Centre  in  the  midle  between  o  and  which  any 
one  may  eafily  do  of  himfelf  without  any  other  help. 
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Definitions  of  the  Leader. 


BOOK  II. 


i  *  \  Leaver  is  commonly  a  piece  of  a  Fir-pole,  or  other 

Timber,  about  6  feet  in  length,  which  we  ufe  either 
to  raife  or  move  heavy  bodies,  fuch  as  Timber  or 
Stone,  or  any  body  of  metal, or  fuch  like;  wherein  three  points 
are  affigned,  firft  the  power  of  the  movent  ily ;  Of  the  weight 
to  be  moved  5  gfy,  The  prop,  to  which  the  Leaver  is 
annext,  as  to  a  Centre,  defcribing  two  arches  with  a  double 
motion. 

1.  Hence  becaufe  thefe  3  points  may  be  difpofed  three  ways 
in  this  lengthy  they  produce  3  kinds  of  Leavers.  Firft  a  Leaver 
of  the  firft  kind  is  that  wherein  the  prop  pofleffes  the 
middle  place,  and  the  power  and  the  weight  poflefs  the  two 
ends, or  extreams  of  the  Leaver ,  as  if  the  Power  be  InA,  the  Prop 
in  B,  and  the  weight  in  C. 

Fig .  19.  A  Leaver  of  the  fecond  kind  is  that  wherein  the 
weight  is  placed  in  the  midle,  and  the  power  and  th eProp  at  the 
ends. 

A  Leaver  of  the  third  kind,  hath  the  power  placed  in  the 
midle  and  the  weight  and  the  Prop  atthe  two  ends. 

Before  I  enter  on  the  Propofitions,  I  ftiali  premife  feme  things 
worthy  our  animadverfiom  . 
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pjcr.  20.  Sappofe  the  Leaver  to  be  o  sy  u,  whofe  Prop  for 
_  'PvmccUon  )  Is  in  the  point  0,  and  the  weight  in  the  points, 
tis  clear  that  when  you  would  raife  it,  it  behoves  alfo  by  the 
help  of  the  hands  to  raife*}  now  we  mud  confider  how  ihe 
weight  n  endeavours  towards  * ,  and  for  this  caufe  we  will  im- 
agin  the  right  lines  n  0,  n  i,  » e,  n  t,  and  w  u,  of  which  »  /,  is 
placed  towards  the  Centre  of  the  world,  and  n  t  makes  an 
angle  in  t  equal  to  the  angle  ino:  Now  placing  fame  power 
in  i  having  equal  inclination  to  the  upper,  as  n  has  to  the  lower 
( letting  afide  the  gravity  of  the  Leaver)  this  power  (  ac¬ 
cording  to  common  reafon  )  will  fuftain  the  whole  weight 
of  the  Vaid  »,  and  if  the  weight  n  were  in  x  direftly  over  oy 
the  whole  weight  would  be  upon  the  Prop,  and  fo  much  force 
or  power  of  the  Prop  will  fuffice  to  refill  for  fuftaining,  as  is 
the  gravity  of  the  weight  j  but  putting  it  again  in  n  his  clear 
that  if  another  power  be  not  oppofed  from  the  neither  to  the 
upper  part  of  the  Leaver ,  the  Prop  notwithftanding  being  ex¬ 
cepted"  it  will  behove  the  power  of  fome  part  of  the  weight  n 
(without  confederation  asaforefaid  of  the  weight  of  the  Leaver's 
matter  or  (abidance  )  that  the  Leaver  be  deprefled  from  the  part, 
and  fome  one  part  of  the  weight  »,  becaufe  other  part  of 
the  fame  weight  endeavours  it  feif  to  the  Prep  0,  by  means  of 
the  line  0  n  which  makes  not  right  angles  with  0  x.  But  if  from 
the  point  t  this  kind  of  refiftance  oppofe  it  felfthat  the  Leaver 
be  not  depreffedor  born  down, ’tis  clear  by  common  fence  that 
the  power  of  the  weight  n  is  divided  equally  in  the  middle, 
whole  moiety  over  0  refteth,as  alfo  the  other  over  t  being  in  the 
middle  of  the  two  lines  n  0  and  nt.  Now  imagin  the  refiftance 
t  to  be  taken  away  and  placed  in  0,  it  is  clear  alfo  that  the 
greater  part  of  the  weight  n  forces  or  endeavours  to  e  by  help 
of  the  line  n  e,rnore  than  to  0  3  fince  the  line  of  inclination,  n  g  is 
nearer  to  e.  than  0 :  Becaufe  all  refiftance  either  in  i  or  in  e ,  or 
in  t  or  in  u  is  inftead  of  a  centre  as  well  as  0,  and  the  work  of 
one  helps  tother  3  But  if  the  fame  refiftance  be  placed  in  u,  his 
dear  alfo  that  a  idler  part  of  the  weight  ny  endeavours  to  u 
than  to  03  fince  the  faid  n  i  is  farther  diilant  from  the  centre 
//,  than  from  the  Centre  0,  and  the  proportion  of  the  part  of 
the  weight  n  in  0,  to  the  proportion,  of  the  part  of  the  weight 
n  in  u  will  not  be  according  to  the  proportion  of  the  angles  u 
n  i  and  0  n  g  but  according  to  the  proportion  of  u  i  to  i  0, 
which  may  clearly  be  comprehended  by  the  converfe  of  this 
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effebt,  that  is  even,  as  now  jve  have  fuppofed  o  and  u  to  be  two 
Centres  that  fuftain  the  weight  e  of  alfo  imagin  n  to  be  a 
certain  Centre  from  whence  hang  two  weights  o  and  u,  fo 
proportioned  to  each  other,  that  ui  and  io  are  the  certain 
caufes  of  the  ballance  of  thefe  weights  o  s ,  which  we  call  a 
Leaver  or  Beam  inclined  on  no  part:  But  returning  to  the  pro- 
pofitior,  we  fay,  That  the  weight  of  n  endeavoring  lefs  to  u 
than  to  that  is  to  t ,  there  needs  lefs  force  in  u  than  in  t  to 
raife  the  weight  n  )  and  fo  by  confequence,  the  farther  die 
point  u  is  from  t ,  the  leffer  force  is  required,  and  confequently 
when  the  force  or  refinance  in  u  is  fo  proportioned  to  that 
which  is  in  0,  as  is  0  i  to  i  a  the  Leaver  or  Beam  will  not  be 
moved :  But  when  there  is  a  greater  proportion  of  the  refiftance 
of  u  to  that  which  is  of  0,  than  of  that  of  0  i  to  i u,  then  the 
part  us  of  the  Leaver  or  Beam  will  be  elevated:  But  if  the 
proportion  be  leffer  than  0  z,  to  z  z/,  than  the  Beam  or  Leaver  will 
be  depreffed  on  the  fame  part. 


^  H  1  ■■■—»— ■  .wn  a— mmmm mmmm mm  »*  . .  ■, - « ^ ^  ,, 

Of  Augmenting  Force  or  Power. 

Fig.  11.  TN  fome  places  Bakers  ufe  a  certain  inftrument  for 
A  kneading  their  Part,  which  is  perform’d  by  one 
man  only,  which  inftrument  feems  worth  our  taking  notice  of, 
and  his  thus:  Imagine  the  plain  in  which  he  fets  who  kneads 
the  Paft,  and  in  which  the  Paft  is  laid  to  be  T  S  D,  and  the  tri¬ 
angle  T  A  S  fixed,  and  perpendicular  to  the  fuperficies  of  the 
fcid  plain  5  anddn  the  Angle  A  joyn  a  piece  of  Wood  or  Lea¬ 
ver  A  E  as  a  moveable  femidiameter  and  equal  to  the  Perpen¬ 
dicular  of  the  Triangle,  whence  A  will  be  the  place  of  the  cen¬ 
tre,  and  D  O  will  be  the  femidiameter  which  kneads  the  Paft, 
and  from  its  end  O  (  which  O  when  D  O  is  Horizontal  is 
found  in  the  bafe  of  the  faid  Triangle )  comes  the  piece  of 
wood  O  V,  which  with  A  V  is  equal  to  the  perpendicular  im¬ 
agined  from  the  angle  A  of  the  bafe  T  S  playing  too  and  fro 
in  O  and  V,  that  the  femidiameter  D  O  may  be  raifedand  de¬ 
preffed  .  And  V  O  is  equal  to  A  V,  and  V  is  in  the  middle  be¬ 
tween  A  and  E,  whence  A  V  with  O  V  are  equal  to  AE- 
moreover  there  are  two  pieces  of  wood  perpendicular  from 

F  A 
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A,  and  fixt  to  the  bafe  and  immovable 5  and  fo  far  di/lant  from 
one  another,  that  between  them  O  V  and  D  O  may  pafs  above 
and  beneath,  and  not  depart  from  the  femidiameter  D  O.  In 
the  end  of  E  there  mufl  be  a  fmall  piece  of  Wood,  at  right  An¬ 
gles  with  A  E,  which  is  held  by  the  hands  of  fome  body  which 
Hands  on  the  forefaid  Machine,  which  man  with  that  wood 
that  is,  the  femidiametre  A  E  drawing  it  to  himfelf  from  the 
fuperficies  of  the  faid  Triangle,  and  then  thrulling.it  towards 
the  fame  Triangle,  he  excites  the  femidiameter  D  Q  upon  the 
Paft  with  a  great  force. 

In  imitation  whereof  I  have  fubcribed  Fig.  7.1.  b  a  u-x,  in 
which  w.e  may  imagine  u  refembles  A  in  the  2 1  Fig,  and  a  de¬ 
notes  O,  and  0  V,  and  xE:  wre  may  alfo  imagine  u  a  to  he 
the  bafe  of  the  Triangle  a  u  c ,  to  which  0  t  the'  perpendicular 
of  the  faid  bale  add  u  a 3  hitherto  then  u 0  will  be  equal  to  0 
x>  and  to  0  a ,  we  may  imagine  alfo  a  0  fo  produced  to  b ,  that 
0  b  be  equal  to  0  a ,  Alfo  luppofe  a  weight  in  a ,  to  force,  to¬ 
wards  u,  whence  the  line  of  its  inclination  will  be  always  a  u  • 
ftrppofe  alfo  a  0  b  to  be  a  Beam  or  Leaver,  and  0  its  Centre^ 
whence  the  force  or  power  of  a  will  be  proportional  to  0  gwitfi 
refpedt  to  the  force  or  power  imagined  in  by  the  inclination  of 
the  perpendicular  b  a,  w  hich  force  or  power  in  b  wall  be  pro¬ 
portionable  to  b  0  by  Prop.  7.  of  this  Treatife  3  therefore  if 
you.  fhould  place  a  certain  powder  in  b  at  a  right  Angle  drawing 
the  line  b  0  fo  proportionated  to  the  power  of  the  perpendicu¬ 
lar  a)  a  sot  is  proportioned  to  0  b ,  the  Beam  boa  will  not  be 
moved but  any  greater  portion  in  b  will  overcome.:  a : 
And  when  0  x  is  equal  to  0  b ,  the  fame  will  happen  according 
to  common  Senfe,  placing  the  power  b  in  jc.  The,  quantity 
therefore  of  the  power  in  xy  which  ought  to  overcome  the  re¬ 
finance  in  a,  which  is  put  againfl  u,  ought  to  have  a  little 
greater  proportion  to  refift,  which  in  a  makes  a  right  Angle 
with  a  oy  than  that  which  is  of  0 1  to  .0  x, . 
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PROP  OS.  I.  Fig.  i9. 
A  Theorem. 


IF  in  a  Leaver,  the  Power  be  to  the  weight  as  the  di fiance  of  each 
from  the  Prep,  reciprocally,  it  will  be  in  equilibrio,  tv  the  power 
will  fufiain  the  weighty  hut  not  raife  it. 

Suppofe  the  power  A  to  the  weight  C,  to  be  as  thediftance 
B  C  to  the  diflance  A  B;  I  fay.it  will  be  in  ecptiilibrio, and  the  power 
will  fufiain  the  weight  C,  blit  not  overcome  nor  raife  it ;  but 
to  the  better  underflanding  of  the  Propolition,  fuppofe  the 
weight  C  to  be  100  pounds,  and  the  power  A  to  be  a  po wet- 
able  to  fufiain  25:  pounds  without  a  leaver ;  and  as  the  power 
A  is  equivalent  precifely  to  a  fourth  part  of  the  weight,  fo  alfo 

the  line  B  mull  be  a  fourth  part  of  the  line  A  B  to  make  it 
in  equilibrio. 


The  Demnfiration.  .  The  power  is  increafed  in  the  fame  pro¬ 
portion  in  which  its  motion  is  increafed  above  the  motion 
of  the  weight;  but  in  fuch  difpofition  the  motion  of  the  pow¬ 
er  is  to  the  motion  of  the  weight, as  +  to  1 ;  for  if  the  lea¬ 
ver  be  undcillood  tobe  raifed  in  L,  fo  that  the  power  deferibes 
the  arch  A  L,  the  weight  deferibes  the  arch  K  C,  but  the  arch¬ 
es  are  a  like,  becaufe  the  angles  A  B  L,  G  B  K  are  equal :  01- 
like  arches  oppofite  to  the  vertex,  are  as  their  Semidiameters 
to  wit,  as  AB  to  dC,  and  we  fupDofe  ABto  beq.  times  as 
much  as  BC,  therefore  in  fuch  difpofition  fby  the  firfl  prin¬ 
ciple  of  this  Tieatife)the  pov/erAis  quadruplicated, and  there¬ 
fore  is  equivalent  to  100,  but  a  power  of  100  is  in  equilibria 
with  a  weight  of  too;  therefore  if  as  the  power  A  to  the 
weight  C,  fo  the  dilbnee  CB  to  the  difiance  A  B,  which  is  re¬ 
ciprocal,  it  will  be  in  equilibria,  which  was  to  be  demon- 
flrated. 
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PR  OP  OS.  II. 


A  Theorem. 

I' 1  proportion  of  the  Power  to  the  weight  be  greater',  than  of 
the  diftance  of  the  weight  to  the  difiance  of  the  Power  fam  the 
Prop,  the  power  will  raife  the  weight  and  overcome  it. 

F‘g.  19.  Let  the  proportion  of  the  power  A  to  the  weight 
C  be  greater  than  of  the  diftancej  B  C  to  the  diftance  A  B  •. 
I  fay,  The  power  A  fo  difpofed  will  overcome  the  weight 

Demonfir ation.  Suppofe  another  power  which  hath  the  fame 
proportion  to  the  weight  C,  as  the  diftance  BC  hath  to  the 
diftance  A  B,  this  power  will  be  in  equilibro  with  the  weight 
(by  the  piecedent  piopolition)  but  the  power  A  is  greater  than 
that  power  (by  the  i  oth  proportion  of  q  Euclid^  therefore  the 
power  A  is  g.1  eater  than  that  which  is  in  equilibro  with  the 
weight  C,  therefore  it  will  overcome  the  weight  C  and  will 
raife  it  3  which  was  to  be  demonftrated. 


P  R  O  P  QS.  IIL 


A  Theorem. 

2  i."  T  F  the  proportion  of  the  difiance  of  the  Tower  from  the 
3l  Prcpi  to  the  diftance  of  the  weight  from  the  Prop  be 
greater  than  cf  the  weight  to  the  power >  the.  w eight  will  be  overcome 
and  raijed-  by  the  Power. ,  5 

Suppofe  a  greater  proportion  of  A  B  to  B  C  than  of  the 
we?£p  (fi  10  t^'c  pow#r  A,  I  fay  the  power  will  overcome  the 
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The  Demonfir  at  ion.  Suppofe  another  power  D  equal  fo  A 
applied  in  the  point  D,  fo  that  as  the  weight  C  to  the  power  D, 
fo  DB  toBC  (it  will  be  by  the  ioth  proportion  of  5  Euclid .) 
DB  lefs  than  AB,  and  (by  thefirft  of  this)  the  power  D  sp¬ 
oiled  in  the  point  D  will  be  in  equilihro  with  the  weight  C  : 
J|g  the  power  A  equal  ro  D  if  it  be  applied  in  the  point  A, 
hath  greater  motion  with  refpetft  to  the  motion  of  the  weight 
G  5  therefore  by  the  firft  principle  hath  greater  force  than  the 
pow7er  D  which  is  in  equilihro  with  the  weight  C,  'wherefore 
that  will  overcome  and  raife  it  $  which  was  to  be  demon- 
Grated . 


v novo s.  w. 

A  Theorem.  Fig.  23. 

IF  the  proportion  of  the  weight  to  the  Power  he  greater  than  the 
di fiance  of  the  power  to  the  difiance  of  the  weight ,  or  if  the  pro - 
portio?2  of  the  difiance  of  the  weight  to  the  difiance  of  the  Power  he 
greater  than  of  the  power  to  the  weighty  the  power  will  neither  elevate, 
nor  fufiain  the  weight. 

Firft ,  Let  the  proportion  of  the  weight  C  to  the  power  A 
be  greater  than  of  the  diftance  A  B  to  B  C ;  I  fay  the  power  A  is 
to  little  to  make  an  equilihro  with  the  weight  C  ;  For  fuppofe 
the  power  E  to  which  the  weight  C  hath  the  fame  proportion 
as  A  B  to  BC,  and  confequently  the  proportion  of  the  weight 
C  to  the  power  E  will  be  lefs  than  of  the  fame  weight  C  to  the 
power  A,  and  (by  the  ioth  of  5  Euclid.)  the  power  E  is  greater 
than  the  power  A,  but  (by  the  firft  of  this)  the  power  E  ap¬ 
plied  in  the  point  A  is  in  equilihro  with  the  weight  C,  there¬ 
fore  the  power  A  is  too  little  to  be  in  equilibria  with  the  weight 
C ;  therefore  can  neither  raife  nor  fuftain  it. 

Secondly ,  Suppofe  the  proportion  of  the  diftance  B  C  to  the 
diftance  A  B  to  be  greater  than  of  the  power  A  to  the  weight 
G  \  I  fa yr  The  victory  will  be  in  the  power  of  the  weight  C, 
for4  fuppofe  the  power  E  to  be  as  BC  to  AB,  fo  E  to  C,  and 
the  proportion  of  the  power  E  to  the  weight  C,  will  be  greater 
than  of  the  power  A  tQ  the  fame  weight  C,  and  (by  the  40th  of 
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?  Euclid.)  the  power  of  E  will  be  greater  than  of  A ;  but  (by 
the  frit  of  this)  the  power  E  applied  in  the  point  A  is  in  equili¬ 
bria. with  the  weight  C;  therefore  the  power  A  is  lefs  than 
that  which  is  applied  in  the  fame  point  of  the  Leaver,  in  emi- 
librio  with  tire  weight  C,  therefore  the  power  A  cannot  fuf- 
tain  the  weight  C ;  which  was  to  be  demonftrated 
_  Although  in  the  Figure  I  have  only  put  a  leaver  of  the  firft 
kind,  thefe  proportions  agree  equally  with  the  3  kinds  of  Lea¬ 
vers,  fince  in  each  kind  as  well  the  powers  as  the  weights  de- 
fcribe  Circles. 


PROVO  S.  V. 

A  Theorem. 

A  Power  is  equivalent  to  fo  many  powers  equal  to  it  [elf  in  force, 

as  its  di fiance  from  the  Prep  contains  the  difiance  of  the  weioht 
from  the  fame.  * 

Fig.  7.4.  .  Suppofe  any  power  A  fit  to  fuftain  without  a  Lea- 
vei,  a  weight  of  100  pounds,  fo  difpofed  in  the  Leaver  that 
the. diftance  of  A  from  the  Prop  contains  four  times  the  di¬ 
ftance  B  C  of  the  weight  from  the  fame  Prop  or  Centre  •  I 
fay  the  fame  power  in  the  point  A  is  equivalent  to  4  powers 
equal  to  it  felf  in  force,  and  fo  can  Main  in  this  difpofition  of 
the  Machine  or  Engin,  a  weight  of  400  pounds. 

The  Demonfir ation.  As  many  times  as  the  diftance  AB  con¬ 
tains  the  diftance  BC,  fo  many  times  the  motion  of  the  power 
contains  the  motion  of  the  weight,  but  (by  the  firft  principle 
of  Machines)  how  much  the  motion  of  the  power  increafes 
above  the  motion  of  the  weight,  it  hath  fo  much  the  more 
ftrength  or  force,  therefore  according  to  the  proportion  of  A  B 
to  BC,  the  force  of  the  power  will  be  increaft  3  but  by  fup- 
pofttion  A  B  is  four  times  as  much  as  BC,  therefore  the  power 

applied  in  the  point  A  is  equivalent  to  4  powers  equal  to  it 
left  in  venue  or  force. 

Or  the  power  A  equal  to  100  pounds,  will  be  equivalent  to 
4  powers  equal  to  it  felf  in  vertue,  if  it  Mains  400  pounds  • 
and  it  can  Main  them  ( by  the  firft  of  this)  if  it  be  as  the 

power 
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power  A  ro  the.  weight  of  400  pounds,  fo  the  di fiance  BC  to 
the  diftance  A  B,  which  plainly  appears. 


PROP  OS.  VI 


The  Power  being  placed  the  fame  diftance  from  the  Prop ,  and  the 
weight  being  placed  nearer  to  the  Prop  encreafes  the  force  of  the  Power, 
Fig,  24.  THIRST  ler  the  weight  C  be  diftance  from  the 
X  Prop  B  the  diftance  of  BC,  and  let  the  power 
be  in  A;  I  fay  if  the  power  be  always  in  the  point  A,  and  the 
weight  be  removed  from  the  Prop  B,  fuppofe  to  the  point  E, 
that  by  how  much  the  Idler  B  E  is,  by  fo  much  the  greater 
will  the  force  of  the  power  be,  in  order  to  fuftain  or  raife  the 
weight  placed  in  E  ;  That  is  if  the  power  applied  in  the  point 
A  can  fuftain  or  fupport  a  weight  of  400  pounds  placed  in  the 
point  C ;  I  fay,  If  the  weight  C  be  removed  from  the  Prop  and 
placed  in  the  point  E  3  It  will  be  as  BE  to  B  C  fo  the  weight  of 
400  pounds,  to  that  which  the  power  A  can  fuftain. 

The  Demonf  ration.  For  let  it  be  as  B  E  to  B  D  fo  the  weight 
C  to  the  weight  F;  I  fay  the  weight  F  placed  in  the  point  E  will 
he  in  equilibrio  with  the  power  A,  for  when  vt  is  as  the  power  A 
to  the  weight  C,  fo  the  diftance  B  C  to  the  diftance  AB;  as 
alfo  BE  to  B  C,  fo  the  weight  C  to  the  weight  F;  There¬ 
fore  from  diforder’d  equality  (by  23  of  5  Euclid)  the  power 
A  will  be  to  the  weight  F  as  the  diftance  BE  to  the  diftance 
AB,  then .( by  the  fir  ft  of  this)  A  and  F  will  be  in  equilibrio 
which  was  to  be  demonftrated. 

Corollary.  I. 

Fig .  25c  From  this  Proportion  arrives  feveral  praeftifes, 
which  naturally  or  experimentally  Workmen  make  ufe  of  for, 
moving,  of  weights,  or  overcoming  the  refiftance  of  any  bodies  5 
And  neither  is  this  Dodtrine  only  ufeful  in  railing  and  re¬ 
moving  of  heavy  bodies,  but  alfo  in  cutting  off  bodies  and 
parting  them  from  each  other,  and  overcoming  any  refiftance, 
which  I  fliall  only  fhew  in  brief,  that  it  may  be  turned  from , 
them  to  other  matters. 

Firft  in  digging  Stones  out  of  Qarries,  they  often  ufe  a  Leaver 
or  Groe  of  Iron,  and  when  the  Stone  refills  much,  either  by 

reafon 
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reafonof  its  great  nefs,  or  becaufe  it  will  not  eafily  be  feperated 
from  the  other  to  which  it  adhears,  they  remove  the  Prop  as 
near  to  the  weight  as  may  be,  that  fo  they  may  move  it  the 
eafier,  and  for  the  Prop  they  commonly  make  life  of  a  Stone  ; 
or  fometimes  two  Stones,  as  if  the  Stone  E  F  were  to  be  part¬ 
ed  from  the  Stone  D  E,  if  D  E  be  firm, the  Prop  will  be  in  the 
point  C,  and  the  weight  in  B,  and  it  will  be  a  Leaver  of  the 
fecond  kind  and  then  the  diftance  of  the  power  will  be  the 


line  A  C,  the  diftance  of  the  weight  will  be  BC  ;  then  asm  iny 
times  as  B  C  is  in  A  C,  fo  many  powers  equal  to  it  fell  will  the 
power  placed  in  the  point  A  be  equivalent  to. 

But  if  the  weight  B  be  fo  drawn  back  from  the  body  C  E 
which  the  proportion  of  the  Prop  hath,  that  the  diftance  CB 
be  made  greater,  there  may  be  put  between  thofe  two  bodies, 
fome  hard  body,  that  fo  the  diftance  C  B  may  be  leffened,  and 
the  force  of  the  power  more  and  more  increafed. 

Fig.  z6.  In  like  manner  when  a  Nail  is  to  be  drawn  with 
a  Hammer,  by  how  much  the  Nail  (which  obtains  the  force 
of  a  weight )  is  nearer  the  Prop  C,  the  eafier  it  is  drawn  forth  ; 
whence  when  the  Nail  is  drawn  out  a  little  way,  fo  that  the 
end  of  the  Hammer  C  cannot  reft  on  the  Board  or  Timber 
that  the  Nail  is  in,  we  are  wont  to  put  another  body  between, 
that  the  diftance  may  be  lefs. 

Fig.  zy.  In  like  manner  in  Pinchers  is  a  double  Leaver  of 
the  firft  kind,  one  whereof  is  the  Prop,  to  wit,  the  Nail  or 
Rivet  B,  about  which  each  part  is  turned,  and  by  how  much 
Idler  the  diftance  BDis,  and  the  diftance  AB  or  BC  the 
greater,  fo  much  the  more  it  drains. 

Fig.  zS.  The  lame  may  be  faid  of  Shears,  wherein  this 
may  be  noted,  The  more  they  are  opened  the  eafier  they  o- 
perate^  becaufe  that  when  they  are  more  opened  the  body 
to  be  cat,  is  nearer  the  Prop  B;  Example,  Suppofe  it  in  D,  but 
when  they  are  fhut  farther,  that  which  is  to  be  cut,  fuppofe 
it  to  be  in  the  point  E  ^  whence  the  proportion  of  the  diftance 
of  the  weight  from  the  Prop  is  greater  than  the  diftance  of  the 
power  from  the  fame  Prop  or  Centre  5  moreover  the  longer 
the  Arms  AB,  C  B  are,  the  more  the  force  of  the  power  is 
encreaft,  and  thus  we  fee  Workmens  long  Shears  cuts  any  kind 
of  Mettafr  many  other  Inftrumenrswe  might  mention,  which 
this  principle  eafily  difcovers. 


When 
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When  we  open  a  Lock  with  a  Key,  if  it  Opens  hard,  we 
put  a  Stick  into  the  ring  of  the  Key  and  turn  the  Key  with  it; 
for  by  fo  doing  we  make  ufe  of  a  longer  Leaver,  than  when 
we  turn  the  Key  with  our  hand  upon  it.  *  '•  v  -  n 

When  we  open  Gates  or  Doors,  if  we  lay  hold  of  them 
further  from  the 'Hinges,  they  open  eafier  than  when  we  lay 
hold  on  them  nearer  to  the  hinges.  r  f  r  •  *  r 

Alfo  from  this  we  may  give  a  reafon  why  a  long  Staff  or 
Pike  weighs  more  if  it  be  lifted  up  by  one  end,  than  if  nearer 
the  middle  ;  as  alfo  why  a  long  Stick,  or  Staff ;  or  piece  of 
Timber,  is  bowed  or  broke  with  more  eafe  than  a  fhorter. 

Hence  likcwife  a  reafon  may  be  rendred,  Why  in  Mills  fome 
teeth  are  made  ftronger  and  nearer  together  than  others,  Mfc,. 
the  foremeft  ;  many  things  we  may  run  through  which  may 
be  reduced  to  the  LeaVer ;  as  in  Navigation,  the  governing  or 
Steering  a  Veffel,  rowing  with  Oars,  &e. 

’  •  M  t.  V  ‘  . 
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A  .Problem. 
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To  move  any  weight  with  any  P ower  by  a  Leaver  of 
the  frp  and  fecond  kind . 


Fig*  19*  T  ET  there  be  given  any  weight  B,  and  a  power 
JU  A,  how  little  foever ;  I  fay  the  weight  B  may 
be  moved  by  the  power  A,  with  a  Leaver  of  the  firft  or  fecond 
kind  5  for  knee  the  weight  B  is  not  infinite,  it  will  have  fome 
proportion  to  the  power,  therefore  divide  the  Leaver  C  D, 
and  make  it,  as  the  weight  B  to  the  power  A  :  So  the  line 
C  E  to  the  line  ED5  fuppofe  the  Prop  in  the  point  E,  and  the 
weight  applied  in  the  point  D,  and  the  power  A  in  the  point 
C  3  I  fay  it  will  be  in  equilibrio. 

The  Dsmonftration.  For  knee  the  powrer  A  is  to  the  weight 
B,  as  the  dillance  ED,  to  wit,  of  the  weight  from  the  Prop, 
to  the  diftance  G  E  ;  to  wit,  of  the  power  from  the  Prop  (bv 

Gx 
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the  firft  of  this)  it  will  be  in  equilibria,  but  if  the  Prop  be 
moved  never  fo  little  to  the  weight,  the  power  will  overcome 
the  weight  and  raife  it. 

We  will  do  the  fame  by  a  Leaver  of  the  fecond  kind,  for 
make  it,  as  B  to  A,  fo  F  H  the  length  of  the  whole  Leaver 
to  GH,  and  let  the  Prop  be  at  the  end  as  at  H,  the  power  at  the 
other  end  at  F,  and  the  weight  in  the  point  G,  as  yet  (by  the 
firft  of  this)  it  will  be  in  equilibro  ;  but  if  the  weight  be  moved 
never  fo  little  to  the  Prop,  the  power  will  raife  the  weighc, 
and  overcome  it. 

But  a  Leaver  of  the  third  kind,  we  cannot  ufe  to  effedt  the 
fame  thing,  for  when  the  weight  is  placed  at  one  end,  and  the 
Prop  at  the  other,  the  power  which  pofifefles  the  middle  place 
will  always  be  lefs  diftant  from  the  Prop,  than  the  weight 
will;  and  is  fo  far  from  helping  the  Machine  to  encreafe  the 
force  pf  the  power,  that  it  hinders  it,  and  the  weight  from 
fuch  difpofition  of  the  Machine  increafes.  its  refinance  ;  for 
generally  fpeaking,  as  often  as  the  difpofition  of  the  Machine 
Increafes  the  force  of  the  power  ;  fo  often,  if  the  power  and 
the  weight  change  places,  the  force  of  the  power  is  abated* 
and  fo  much  the  refiftance  of  the  weight  encreafed. 

And  this  is  Archimedes  s  great  Problem,  That  he  would 
move  the  whole  Globe  of  the  Earth,  if  he  could  find  but  a 
place  to  fix  a  Prop  upon,  which  in  Speculation  is  true,  but  in 
practice  impofiible  ;  for  who  can  practically  divide  the  length 
of  a  Leaver  into  any  proportiom_dpecially,  if  for  Example, 
The  Hundredth  Thoufand  part  of  a  Line  were  required,  for  it 
would  make  the  difiance  of  the  weight  fo  fmall  from  the  Prop, 
that  the  feat  of  the  Prop  would  be  impofiible  to  be  diftinguifht 
from  the  diftance  of  the  weight. 


i 

?  rows, 
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PRO  PO  S.  VIII. 

t  •  ••  ’  *  *  -  •  . 

A  Problem. 

To  dace  a  weight  Jo  on  a  Leaver ,  that  no  finite  power, 
-  how  great  JoeVer ,  caw  overcome  it. 

Fig .  30.  Y  ET  the  weight  A  be  never  lb  little,  and  any 
JL  power  B  equivalent  to  it,  I  fay  thefe  may  be  fo 
placed,  that  the  power  B,  whatever  it  be,  will  be  unable  to 
raife  the  faid  weight.  For  fuppofe,  as  the  power  B  to  the 
weight  A,  fo  the  diftance  K  L  to  the  diftance  L  M,  and  the 
power  B  in  the  point  K,  and  the  weight  A  placed  in  M  by 
(the  firft  of  this it  will  be  in  equilibro  ;  whence  if  the  Prop  L 
be  removed  never  fo. little  to  the  power conlifling  in  K,  it  will 
be  unable  to  raife  the  weight ;  alfo  a  Leaver  given  fuppoling 
the  Prop  thus,  we  may  divide  it,  that  a  power  being  placed  at 
one  end,  fhall  not  raife  the  other  end  of  the  Leaver  ;  viz*  If 
we  divide  the  Leaver  K  M,  fuppoling  the  Prop  L  very  nigh 
the  power  in  the  point  K,  it  will  come  to  pafs  that  the  power, 
though  very  heavy,  will  not  raife  the  other  part  of  the 
Leaver  L  2VL 


VROV  OS.  IX. 

A  Theorem. 

Fig.  3  1  •  Y  Y  7  Hen  the  Centre  of  gravity  of  a  weight  is  in  the  line 
V  V  of  the  Leaver ,  the  fame  force  is  always  required  t& 
move  it ,  whatfeever  fite  it  obtains ,  fo  that  the  force  move  only  down¬ 
ward  cr  upward* 

G  t 
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Thofe  things  which  we  have  demonftrated  concerning  the 
Leaver,  in  the  former  Proportions  are  more  univerfal ;  nor  do 
they  fhew  divers  Circumftances  worthy  of  Note,  which  here 
we  ought  to  examine  j  And  certain  it  is  that  a  living  power 
which  is  often  ufed  with  a  Leaver,  fmce  iis  indifferent  to  all 
motion,  it  will  move  as  well  downard  as  a  thwart.  But  weights 
which  by  their  own  nattzre  gravitate  only,  reAft  motion  up¬ 
wards,  and  therefore  their  cicular  motion  is  not  fo  much  to 
be  eonfidered,  as  their  Ample  Perpendicular  motion,  which, 
that  I  may  handle  every  one  feverally,  I  fhall  expofe  feveral 
Cafes.  And  Firft,  we  /hall  take  notice  of  the  power  forcing 
only  downwards  as  it  were,  and  fo  a  weight  may  be  com¬ 
pared  in  divers  manners  with  a  Leaver,  for  either  the  Centre  of 
gravity  of  the  weight,  or  as  it  were  its  middle  is  in  the  Leaver, 
and  which  is  the  lame,  is  hanged  freely  on  the  Leaver,  or  it 
is  above  the  Leaver,  or  beneath  the  Leaver:  In  this  proportion 
we  appoint  the  Centre  of  gravity  in  the  Leaver, 
v.  Suppofe  the  Centre  of  gravity  of  the  weight  A  in  the  Lea¬ 
ver  j  I  fay,  If  the  power  only  force  downwards,  the  fame 

power  is  required  to  fuftain  the  weight  in  what  Ate  fo  ever 

it  is.  ....  ,  , 

The  Demonflratim*  As  well  the  Weight  as  the  power  tend 
downwards,  wherefore  if  the  cicular  motion  be  cohAdered, 
both  of  the  power  and  the  weight,  they  will  be  proportionally 
diflanr,  or  their  diftances  will  be  proportional,  ‘Ance  like  arches 
are  proportional  to  the  Semidiameters  of  their  Circles ;  or  if 
the  perpendicular  motions  G  E,  C  H  be  conAdered,  they  aifo 
will  be  proportional,  becaufe  the  Triangles  CBH,  BGE  are 
.proportionals  ;  whence  if  the  power  move  only. downwards, 
the  fame  force  is  required  to  fuftain  or  move  the  weight' 
whether  the  Leaver  be.  Horizontal  or  oblique. 


PRO . 
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PR  OP  OS,  X. 

*  \  s'  ^  •'  r‘v 

Fig-  3z.  A  Towermoving  equally  in  ‘every  different  place,  moveth 
JLjl.  a  weight  more  eafzly ,  whoje  Centre  is  in  an  oblique 
beam  or  leaver,  than  in  an  -  Horizontal  one , 

Let  the  power  be  A,  equally  able  to  move  a  weight  in  any 
difference  of  place,  and  let  the  weight  be  D,  whofe  Centre  is 
in  the  Leaver  ;  Ifay,  IF  the  Leaver  be  railed  in  E,  the  power 
will  more  eafily  move  the  fame  weight,  than  if  the  Leaver 
were  Horizontal,  as  A  D. 

The  Demon- fir ation.  Weight,  or  any  heavy  body,  refills  only 
motion  upwards,  therefore  a  Perpendicular  line  is  its  meafure 
of  refiftance ;  Therefore,  Pirft  let  the  weight  be  moved  ac¬ 
cording  to  the  Arch  DE,  the  refifiance  will  be  the  line  EH, 
Secondly,  let  it  be  moved  according  to  the  other  Arch  equal 
to  EF,  the  refinance  will  be  according  to  the  Perpendicular 
FI;  And  it  is  clear,  that  the  line  F I  is  lefs  than  the  line  E  H : 
Therefore  although  the  fame  power  move  through  the  Arch 
C  B,  equal  to  AB,  and  fo  advances  the  fame  vertue  or  force 
(according  to  the  firft  principal)  you  will  find  lefs  refifiance  in 
E  than  in  D,  therefore  it  will  move  eafier  while  the  Leaver 
obtains  an  oblique  f\tc  or  pofitiondhan  when  it  hath  an  Horizontal  r 
v/hich  was  to  be  demonfirated. 


Hence  it  follows,  That  in  an  oblique  fite  a  power  is  in  equi- 
tihro  with  a  weight,  although  the  proportion  of  the  power  to 
the  weight  be  not  reciprocally  the  lame,  which  the  diffance  of 
the  weight  is  to  the  diffance  of  the  power  from  the  Prop  j  to 
wit,  becaufe  the  motion  of  the  weight,  according  to  which 
its  refifiance  endeavours,  is  not  the  Arch  E  F  but  the  Perpen¬ 
dicular  line  F  I,  although  the  'motion  of  thq  power,  accord¬ 
ing  to  which  it  exercifes  its  activity  Ihould  be  by  the  Arch  BC, 
but  the  Arch  B  C  and  the  Perpendicular  F I  are  not  proportional 
"to  the  diftances  KB,  KE. 


Neverthelefs 
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Neverthelefs  in  an  Horizontal  fire  D  A,  becaufe  the  Perpen¬ 
dicular  Phifically  falls  in  with  the  Circle  D  H,  the  common 
Rules  ought  to  be  obferved. 


PR  OP  OS.  XL 
A  Theorem. 

•  '•  S  ;• 

<  i  ;  •  •  .  '  «  •  •  • 

Fig.  33.  TF  the  Centre  of  a  weight  he  above  the  Leaver ,  the 
JL  weight  is  eafier  raifed  above  the  Horizontal  line  than 
beneath ,  from  the  power  only  forcing  downwards. 

Suppofc  the  weight  A,  and  its  Centre  above  the  Leaver  ; 
fince  the  weight  always  prefles  downards  according  to  a  Per¬ 
pendicular  line  y  in  an  elevated  fite  it  weighs  downwards  accord¬ 
ing  to  the  line  I F ;  and  then  the  true  diftance  will  be  the  line 
FEj  but  in  an  Horizontal  fite  the  true  difiance  will  be  BE; 
In  a  deprefled  fite  it  will  be  DE  -y  ’Tis  certain,  that  DE  is 
greater  than  B  E,  and  this  greater  than  F  E,  and  fo  in  re- 
ijpedt  of  the  power  applied  in  the  Leaver,  and  only  preffing 
downwards,  the  motion  in  C  will  be  more  difficult  than  in 
A,  and  in  A  than  in  I. 

But  what  I  have  faid  is  with  refpeft  to  the  power,  its  mo¬ 
ving  limply  downwards  3  becaufe  if  it  fhould  move  equally, 
or  alike  in  every  different  place,  the  proportion  of  the  Doctrine 
delivered  in  the  1  oth  Prop,  would  enfue.  ' 

,  *  i  ~ 
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A  Theorem. 

Fig.  34.  WT  hien  a  weight  hath  its  Centre  of  gravity  beneath 
W  the  Leaver  in  a  dtp  re  fed  fete  or  Vofetion ,  left  force 
is  required  than  in  an  Horizontal,  and  greater  in  an  elevated 
fete.  1  ■■ 

■  -  Suppoling 
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Snppofmg  the  Proof  of  the  former  Propofition ,  this  ap¬ 
pears  clear  enough,  neither  doth  it  need  any  farther  explica¬ 
tion,  fmce  in  a  deprelled  fite  the  perpendicular  cuts  off  a  lefler 
oi  fhorter  diftance  than  in  the  Horizontal,  and  in  an  elevated 
lite  it  cuts  off  a  greater ;  the  fame  caution  is  to  be  noted. 

But  when  the  weight  freely  depends  on  the  Leaver,  it  is  al- 
moft  in  the  fame  manner,  as  if  the  Centre  of  gravity  of  the 
weight  were  found  in  the  Leaver :  For  always  the  fame  diftance 
remains  to  the  Prop  or  Centre,  efpecially  vertually,  becaufe  the 
weight  to  moved,  is  as  if  it  truly  exilic  d  in  that  point  of  the 
Leaver  whereby  ’tis  hung. 


PRO  PO  S.  XIII. 

A  Theorem. 

FK  ,  j,  y  p  by  reafon  of  the  Figure  of  the  Frog,  the  point  on  which 
X  the  Leaver  nfts  be  changed ,  the  proportion  alfo  of  the 
force  of  the  Power,  to  the  refjlance  of  the  weight  will  be  changed. 

The  Figure  of  the  Prop,  may  be  various,  and  it  may  be  fo 
made,  that  in  its  motion  it  may  bear  the  force  of  one  or  ano¬ 
ther  point  of  the  Leaver ;  whence  it  comes  to  pafs,  that  the 
diftance  of  both  the  power  and  the  weight  are  not  the 
fame ;  and  fo  the  whole  proportion  of  the  force  of  the  power 
to  the  refiftance  of  the  weight  is  changed ,  as  if  the  Prop, 
ftiould  be  Spherical,  and  the  Leaver  in  an  Horizontal  fite  fhould 
touch  it  in  the  point  A,  but  in  an  elevated  fite  it  would  touch 
it  in  the  point  B  5  The  fame  L  fay  if  the  Prop,  fho.ild  be  an 
oblong. 


P  ROPQS. 
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PROP  OS.  XIV. 


The  motion  of  a  power  oblique  to  the  Leader  j  is  lejs 
powerful  than  when  right. 

Fig.  3<J.  TF  the  power,  be  A,  which  preffcs  the  Leaver  ac~ 
JL  cording  to  the  oblique  line  AB;  I  fay  this  motion 
is  lefs  powerful  or  able,  than  if  the  fame  force  preft  the  lea¬ 
ver  according  to  the  perpendicular  line  A  G. 

The  Demonstration.  That  motion  tends  not  fo  much  in  railing 
the  weight,  as  in  drawing  back  the  leaver  from  the  Prop,  as 
the  motion  A  D  forces  the  leaver  againft  the  Prop,  and  con- 
fequently  it  rather  refifts  the  Prop,  than  the  weight. 


P  RO  POS.  XV. 

:  -■  '  :  ,k  -  •  '  ■  k :  i  ;  —  ?  *  i 

A  Theorem.  > 

A  motion  Jo  preffng  forward  to  the  weight ,  that  it  frees 
it  obliquely  to  the  hncj  according  to  which  it  fhould 
he  mo'vcdj  is  lefs  powerful. 

%  37-  THE  weight  is  A,  which  fhould  only  move  ac~ 
X  cording  to  the  line  AB,  and  the  Leaver  whofe 
Prop  is  in  C,  touching  the  weight  in  the  point  D,  and  forcing 
it  according  to  the  line  D  E  3  I  lay,  The  motion  of  fuch  weight 
will  be  more  difficult  than  if  it  had  been  forced  according  to 
the  line  A* By  for  the  force  of  motion  according  to  the  line 
D  E,  as  compofed  of  a  double  motion,  to  wit,  as  it  were  of 
a  Perpendicular,  and  of  an  Horizontal  3  I  fay 3  as  often  as  his 
Perpendicular,  it  refifts  the  fubje&ed  plane ,  and  fo  part 
of  that  force  is  ufed  in  vain,  in  oVercoming  this  refinance. 

Yrof \ 
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A  Theorem. 

WHcn  two  Powers  confifiing  at  the  ends  of  a  Leaver ,  fuftain  a 
weight  hung  on  it ,  that  which  is  neerefi  to  the  weight  (it fains 
the  greater  fart  of  the  weighty  and  that  which  is  further ,  the  lejfer 
fart  proportionally  to  the  difiances  reciprocally. 

Fig.  3g,  There  are  two  powers  A  and  B  confiding  at  the 
ends  of  the  Leaver,  and  fuftaining  the  fame  weight  C  3  I  fay, 
the  Power  A  fuftains  a  greater  part  of  the  weight  than  B  3  that 
is,  if  the  weight  C  be  60  pounds  and  B  C  the  double  of  A  C ;  I 
fay,  the  power  A  fuftains  40  pounds,  of  the  weight,  and  the 
power  B  fuftains  only  20  pounds:  Or  that  the  powers  may 
iuftain  the  weight  C,  the  power  in  B  muft  be  equal  to  a 
weight  of  20  pounds,  and  the  Power  in  A  equal  to  40 
pounds. 

The  Demonfiration.  The  Power  A  in  refpedt  of  the  Power  B 
is  as  the  Prop,  therefore  that  they  may  be  in  eqmlihro ,  it  ought 
to  be  as,  A  C,  the  diftance  of  the  weight  from  the  Prop  A,  to 
A  B  the  diftance  of  the  power  from  the  fame  Prop,  fo  the 
power  B  to  the  weight  C  reciprocally  (  by  the  firft  of  this )  but 
A  C  is  by  fuppofition  a  third  part  of  the  line  A  B,  therefore 
there  is  required  in  Ba  power  equal  to  a  third  part  of  the 
weight,  to  wit, of  20  pounds  3  In  like  manner,  becaufc  with  re- 
fpedt  to  the  power  A,  as  the  power  B  hath  by  means  of  the 
Prop,  fo  will  be  the  diftance  C  B  of  the  weight  from  the  Prop, 
to  A  B  the  diftance  of  thfc  power  from  the  lame,  as  the  power 
A  to  the  weight  G  reciprocally,  (  by  the  firft  of  this )  but  C  B 
is  fuppofcd  to  contain  two  third  pans  of  the  whole  line  A  B, 
therefore  alfo  the  Power  A  will  be  equal  to  f  parts  of  the 
weight  C,  to  wit,  of  forty  pounds :  Which  was  to  be  de- 
monftrated. 


H  Corollary 
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Corollary.  I. 


If  the  weight  be  precifely  in  the  middle,  each  power  fufrains, 
only  an  half  part. 


Both  Powers  taken  together,  ought  to  be  equal  to  that: 
power  which  can  raife  the  weight  without  a  Leaver,. 


Corollary.  IIL 


Hence  we  may  determine  whether  the  Prop  be  fit  to  fuftaim 
the  weight,  for  it  always  agrees  with  fome  part,  of  the  weight, , 
especially  in  Leavers  of  the  Second  kind. 


Corollary.  IV, 


In  a  Leaver  of  the  firft  kind,  the  Prop  fuftains  as  much  of. 
the  weight  as  the  power,  and  its  refiftance  ought  to  be  equal 
to  both  taken  together. . 


When  2-  powers  confift  at  the  ends  of  a  Leaver  fuftaihing  a 
weight  placed  in  the  middle,  we  may  eafily  determine  how 
much  of  that  weight  each  power  bears,,  to  wit,  by  dividing 
the  whole  weight  according  to  the  proportion,  which  the 
powers  have  with  the  weight  reciprocally ;  What  I  have  faid 
in  refpefil  of  the  Leavers  bearing  or  fuftaining  the  weight,  may 
alfo  beunderftood  of  drawing  a  weight  j  As  if  2  draw,  and  : 
the  weight  A  be  fixt,  not  in  the  midle  of  the  Leaver  B  C5  thej 
Leayer  will  be  moveable  only  about  the  point  D. 


/ 
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PROP  OS.  XVII. 
A  Theorem. 


POwers  confining  at  the  ends  of  a  Leaver ,  do  not  hear  the  weight 
eafier  on  a  longer  Leaver  than  on  a  jhorter . 

Fig.  39.  Let  the  powers  be  A  and  B,  and  the  Leaver  like- 
wife  A  B,  fuftaining  the  weight  C ;  and  let  there  be  2  other 
powers  D  and  E  fuftaining  the  fame  weight,  or  one  equal  to  it, 
on  the  longer  Leaver  ;  I  fay  the  length  of  the  Leaver  D  E  adds 
nothing  to  the  facility  ;  for  let  there  be  the  fame  proportion 
of  A  C  to  CB,  as  of  DF  to  FE,  I  will  Ihew  in  both  cafes  that 
the  fame  part  of  the  weight  is  fuftained  by  the  power  B,  as  is 
fuftained  by  the  power  E,  and  the  fame  by  the  power  A  as  by 
the  power  D  :  In  like  manner  (  from  Corollary  2  )  I  will  fhew 
in  both  cafes  that  the  powers  taken  together  are  equal  to  the 
weight,  whence  the  greater  Leaver  effedts  no  more  than  the 
lelfer. 

Neither  doth  it  feem  ftrange,  that  the  length  of  the  Leaver 
adds  nothing  to  the  force,  that  is,  if  two  Leavers  of  unequal 
length,  but  divided  alike  from  the  Prop,  that  is,  let  the  pro¬ 
portion  of  the  diftance  in  both  be  a  like,  the  like  effedt  follows 
in  both* 


VROVOS.  XVIII. 

A  Theorem. 

WHile  z  Towers  fujtain  a  weight,  whofe  Centre  is  above  the  Lea¬ 
ver,  in  a  declined  fite ,  the  lower  Tower  hears  the  < neater 

weight . 

4°*  Let  the  2  Powers  be  A  and  B,  and  let  the  weight 
be  above  the  Leaver  and  its  centre  C,  and  let  the  perpendi- 

Hi  41  cuiar 
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cular  be  C  D  :  I  fay,  the  power  B  fuftains  greater  part  of  the 
weight  than  if  the  Leaver  were  in  an  Horizontal  fite  5  For  the 
weight  always  adts  by  a  line  perpendicular  to  the  Horizon,  as 
in  this  cafe  by  the  line  C  E,  when  before  it  adied  by  C  D,  there¬ 
fore  the  weight  becomes  nearer  the  power  B:  wherefore  the 
power  B  bears  a  greater  part  of  the  weight  (  by  the  prece¬ 
dent.  V 

But  if  the  weight  be  beneath  the  Leaver,  the  contrary  hap¬ 
pens,  as  in  the  fecond  example,  in  which  the.  weight  hangs 
on  the  Leaver  by  the  line  I  K,  which  weight  inclines  to  the 
power  F,  and  therefore  in  this  cafe,  the  power  F  bears  more 
weight,  than  if  the  Leaver  were  in  an  Horizontal  fi te.;  Laftly, 
if  the  weight  hang  freely  it  will  not  change  the  fire,  and  con- 
fequently,  neither  power  fuffers  by  the.  declination  of  the.  Lea¬ 
ver  or  Beam 


v ROWS.  XIX. 


w 

region . 


A  Theorem.. 

Hna  power  draws  by  a  line  oblique  to  the  Leaver ,  its  true 
difiance  is  a  perpendicular  from  the  Prop,  to  the  line  of  Di- 


Fig.  41,  Let  the  Leaver  or  Beam  be  A  B,  and  the  power 
drawing  by  the  line  B  C  oblique  to  the  Beam,  to  which  from 
the  Prop  F  is  drawn  a  perpendicular  FD  ■  I  fay,  the  true  dift- 
ance  of  the  power  to  be  look’d  upon,  according  as  the  increafe 
or  decreale  of  the  venue,  or  force,  is  the  line  F  D. 

The  Demonstration .  Suppofe  the  power  to  conf ft  in  the  point 
D;  which  draws  the  cord  from  D  in  E,  and  draw  the  line 
F  E  y  In  the  mean  time  the  Leaver  defeends  in  the  point  G 
draw  the  line  EG,  and  becaufe  in  the  triangles  FDB,  FEGr 
the  fides  EG,  FB,  alfoFD,  FE,  and  the  length  of  the  Chords 
B  D,  G  E  is  the  fame  (  by  the  8th  of  the  iff  of  Euclid,  jail  the 
angles  wiTl  be  equal,  among  which  G F D,  BFE  will  be  equal* 
and  the  common  angle  BED  being  taken  away,  there  remains 
die  angles  QjFE,  D  F  8  equal,  and  confequemly  the  arches,  BG, 
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HI  equal.  Bur  the  arch  DE  according  to  which  the  power 
is  moved,  is  to  H  I  or  BG,  or  A  K  the  motion  of  the  weight, 
as  F  D  to  A  F  :  therefore  the  truediftance,  according. to  which 
the  motion  of  the  power  encreafes  or  decreafes  in  is  the  line  FDS 
perpendicular  to  the  line  of  direfilionj  whicly  was  to  be 
demonftrated. 

But  if  the  power  be  in  the  point  C,  and  it  move  upon  the 
Circumference  MC,  it  may  eafily  be  (hewn  that  the  arch  MC, 
is  equal  to  the  arch  B  G,  and  confequently  in  this  cafe  the 
true  diftance  feems  according  to  that  which  is  lookt  upon  as 
its  force,  to  be  the  line  F  G  or  F  C,  which  would  he  contrary  ' 
to  the  precedent  part  of  the  proportion  :  But  the  line  B  C  is 
fuppofed  to  be  flexible  in  the  point  G,  and  fo  the  power 
placed  in  C  may  move  about  the  point  B,  as  about  a  Centre,, 
although  the  Leaver  F  G  remain  unmoved.  Suppofing  then 
from  the  point  B,as  from  a  Centre, we defcribe  the  arch  CO,  fo  » 
that  the  line  B  O,  which  may  be  imagined,  be  equal  to  the 
line  B  C  ;  draw  a  chord  from  the  point  O  even  to  M,  fo  that 
in  the  mean  while  the  end  of  the  Beam  pafs  from  the  point  ; 
B,  to  the  point  G,and  O  M  will  be  the  true  motion  of  the  power, 
which  I  affirm  to  be  equal  to  the  line  D  E ;  For  fince  D  C  or  D 
O  is  one  half  part  of  the  line  C  K,  and  E  M  half  of  the  line  M  G  3 , 
then  DO  and  E  M  will, be  equal,  and  that  which  is  common  \ 
being  taken  away,  viz.  E  O,  then  DE  and  MO  will  be  : 
equal,  wherefore  the  power  in  on  that  end  of  the  line  is  not  : 
more  moved  than  if  it  were  applied  in  the  point  D,  there¬ 
fore  ks  true  diftance  will  be  F  D  j  which  was  to  be  demon— 
ftratecL 


Corollary.  L, 

If  the  line  BC  be  not  Fiexibleqieither  in  the  point  B  noranyv 
Other,  but  firmly  adheres  to  the  point  B,  the  thing  will  be - 
otherwife ,  for  if  you  apply  the  power  in  the  point  D,  its  , 
diftance  according  to  what  is  examined  of  the  increafe  or  de- 
creafe  of  the  force,  will  be  D  F,  but  if  it  be  applied  in  the 
point  C,  its  true  diftance  will  be  the  line  F  C,  aud  its  true  mo¬ 
tion,  according  to  which  it  moves,  will  not  be  only  the  line  .: 
MO,  but  the  whole  arch M  C, 


Corollary  / 
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Corollary.  II. 

Fig.  42.  The  line  of  diredlion  which  is  perpendicular  to  the 
Leaver  is  mod  apt  to  move,  and  by  it  the  power  hath  the 
greated  force  that  it  can  have  2t  the  end  of  the  Leaver ;  for 
let  the  Leaver  be  AB,  the  Prop  C,  and  let  the  line  of  direct¬ 
ion  B  D  be  perpendicular  to  the  Leaver  AB:  I  fay,  in  any 
other  line  of  direction,  the  power  is  lefs  able;  for  let  it  be 
another  line  BE,  which  makes  an  accrue  angle  CBE,  and 
which  confequently  falls  within  the  circle,  draw  to  it  the 
perpendicular  C  F,  which  (  by  the  prefent )  is  the  true  didance 
of  the  power,  and  lefs  than  C  B,  wherefore  when  the  Lea¬ 
ver  draws  by  the  line  B  E,  it  hath  lefs  force  than  by  the  line 
B  D.  Moreover  let  there  be  another  line  of  direction  B  G, 
and  the  angle  C  B  G  obtufe,  and  confequently  the  other  angle 
C  B  H  will  be  accrue,  and  B  H  will  be  within  the  circle  which 
being  divided  in  the  middle  in  I,  (  by  3  of  3  of  Euclid.  )  C  I 
will  be  perpendicular  to  B  H,  and  the  fame  C  I  will  be  the 
true  didance  of  the  power  ;  which  fince  *tis  lefs  than  C  B,  the 
power  alfo  will  have  lefs  force. 


Corollary.  III. 

Fig.  43.  The  true  didance  of  weights  which  draw  by 
gravity  only,  is  a  Segment  of  the  Leaver  Horizontally  placed 
between  the  Prop  and  the  perpendicular  5  let  the  Leaver  be 
A  B,  the  weight  by  its  gravity  drawing  downwards  in  B  : 
Suppofe  the  line  E  F  in  an  Horizontal  lire,  and  draw  the  per¬ 
pendicular  B  C ;  I  fay,  the  true  didance  of  the  weight  B  is 
D  C,  for  all  heavy  things  draws  by  a  vertical  line  to  which  the 
Horizontal  line  D  C  is  perpendicular  5  I  fay,  the  fame  if  the 
weight  were  in  the  point  H,  the  true  didance  would  be  DG. 
Whence  it  follows,  that  a  weight  depending  on  a  Leaver  Hori¬ 
zontally  difpofed  hath  greater  force. 

And  here  I  will  add  fomething out  of  the  Learned  Cafatus 
his  Mechanics ;  fays  he  It  may  perchance  be  pertinent  to  our 
pi  cLnt  pm  pole,  and  not  unpleafant  to  the  Reader,  it  I  here  de¬ 
clare  fomething  of  an  invention:  When  I  heard  a  certain  man, 
dec  lairing  that  a  Rdl  of  a  vad  weight,  was  carried  eaiily  on 
Biais  Wheels,  which  by  length  oi  time  were  worn  out,  but 
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by  what  artifice,  or  in  what  order  they  were  difpofed,  or  made, 
he  could  not  tell  5  Wherefore  he  confidering  with  me  how 
it  might  be  done,  I  happened  on  this  thought,  that  1  efteemed 
the  raoft  heavy  bell,  might  eafil y  be  .repulfed,  by  diminiffiing, 
or  lellening  the  refiftance,  which  arifes  from  the  wearing  of 
the  Prop,  or  Stay,  and  Axis  together  ;  For  let  B  and  C  be  two 
fmall  wheels  (  Fig.  44..  )  offolid  Brafs,  whofe  diameters  are  in 
fome  different  proportion  to  the  diameter  of  the  axis  on  which 
the  bell  bears,  or  lies;  And  let  the  femidiameter  of  the  Axis  be 
A  E,  and  of  the  little  Wheels  BE,  in  proportion  double,  there¬ 
fore5  alio  the  peripheries  will  be  in  the  fame  proportion,  there¬ 
fore  while  the  point  I  in  H  compleats  a  quadrant,  the  little  Wheel 
alfo  is  turned  about,  whofe  periphery  is  equal  to  half  a  qua¬ 
drant,  Wherefore  if  to  the  little  Wheel  there  fhould  be  fixr  an 
Axis,  whofe  Semidiameter  BGis  equal  to  the  Semidiameter 
A  E  the  rubbing  or  wearing  will  be  made  wirh  ■§-  part  of  the 
Periphery  of  the  Axis  of  the  little  wheel  B ;  but  becaufe  alfo 
in  the  little  wheel  C,  the  rubbing  or  wearing,  will  be  made 
equal  with  the  fame  Axis,  almoft  nothing  of  moment  is  gained, 
becaufe  the  whole  wearing  is  equal,  as  if  the  quadrant  EG 
were  turned  about  in  a  firm  and  hollow  Prop:  And  it  will 
rather  be  a  lefiening  of  labour  in  carrying  the  bell,  if  the  little 
Wheels  were  fixed  to  an  Axis :  and  fince  the  Axis  is  Cylindrical , 
the  fubje&ed  Wheels  doubtlefs  will  touch  in  a  line,  a  fmall 
pan  of  the  Prop;  And  the  Axis  of  the  Wheels  fuit  or  fit  with 
their  concave  parts  in  the  fuperficies  which  are  worn  while  the 
wheels  are  turn  d  round:  Unlefsby  chance  the  Convex  fuper¬ 
ficies  of  the  Cylindrical  Axis  B  G,  be  fomewhat  Idler  than  the 
concave  fuperficies  of  the  Wheel;  and  therefore  they  touch 
each  other  according  to  a  line  as(by  the  1 3  th  of  the  yl  of  Euclid .) 
his  eafy  to  demon  ft  rate,  which  doth  not  often  happen. 

But  his  not  needful  to  make  fuch  fblid  Axes  to  the  Wheels 
B  and  C,  For  if  the  axis  A  E  is  convenient  to  bear  the  weight 
of  the  whole  bell,  a  pair  of  equal  Axes  will  refill  or  bear 
double  the  weight :  Therefore  his  fufficient  if  each  of  the  Axes 
B  and  C,  fuftain  half  the  weight ;  But  fince  the  refiftance  of 
the  Cylinder sfedBi  they  be  broken,  ought  to  be  in  triple. proporti¬ 
on  of  their  diameters,  ftis  fufficient  to  find  two  mean  continual 
proportionals  betweeen  the  femidiameter  A.  E  and  its  hair ; 
for  that  which  is  next  lefs  to  A  E  will  be  fufficient,  for  the 
Semidiameter  of  a  Cylinder  having  Subduple  Solidity  and  refin¬ 
ance. 
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ancc,  but  fHll  tke 'Semidiameter  requires  to  be  Iefs,  becaufe the 
weight  bears  or  prefles  obliquely  on  the  Axes  of  the  Wheels  13  and 
C  ;  whence  the  weight  of  the  bell  on  thofe  axes  is  according  to 
the  lines  AB,A  C,  and  not  according  to  the  perpendicular  A  D\- 
Therefore  as  A  D  to  A  B,  fo  reciprocally  the  weight  on  A  B  to 
the  weight  on  AD;  but  the  weight  on  either  axis  is  as  the  fub- 
duple  ( or  half  )  Summ  to  the  whole  weighty  therefore  the 
weight  on  B  A  is  Iefs  than  fubduple,  and  the  proportion  con¬ 
tinuing  is  made  lefs;  For  when  the  Semidiameters  A  E  and  B 
E  are  given,  the  whole  B  A  is  known  ;  and  B  D,  and  alfo  its 
equal  BE  is  known;  therefore  (by  the  47th.  of  ift.of  Euclid.  ) 
alfo  A  D  will  be  known,  whofe  quadrate  you  will  find,  if  from 
the  Square  of  B  A  you  fubtracl  the  Square  of  B  D. 

Therefore  if  by  Hypothecs,  BA,  be  3,  its  Square  is  9;  and 
B  D  2,  its  Square  is  4,  which  fubtra&ed  from  there  remains 
the  quadrate  54  whofe  root  1*52,23  and  is  the  right  line  DA: 
The  weight  therefore  on  B  A  to  the  whole  weight  of  the  Bell 
on  both  axes B  and  C,  is  as  2,  23  to  6, go:  But  becaufe  the 
refiftance  of  like  folids  is  in  triplicate  proportion  of  their  homo- 
legal  files' (  and  in  Cylinders  the  proportion  of  their  diameters  is 
had  )  if  you  feek  two  mean  proportional  numbers  between  6 , 
00  and  2,  23  which  you  may  do  if  you  draw  the  quadrate  of 
one  extream  into  the  other  extream,  for  the  Cube  root  of  the 
product  is  the  term  next  to  that  number  whofe  fquare  you  af- 
iumed:  Therefore  firff,  the  Square  of  6y  00  being  36,  ocoo, 
draw  it  into  2,  23  and  the  cube  root  of  the  product  80280000 
is  43 1,  f  :  But  the  quadrate  of  the  other  extream  2,  23  is  49729 
being  drawn  into  6,  00,  gives  29837400  whofe  cube  root  310, 
is  the  other  mean;  Therefore  the  4  numbers  600, 43 1-~  310,22% 
are  continual  proportionals,  the  fractions  being  flighted'5- 
Wherefore  if  you  make  it  as  600  to  431,  fo  the  femidiameter 
AE  to  B  N;  this  femidiameter  fought  will  be  fufficient  to  bear 
the  weight. 

And  becaufe  B  E  is  the  double  of  A  E,  and  AEtoBN  is 
made  as  600  to  431,  B  E  will  be  to  B  N,  as  1  200  to  43 1  ;  And 
according  to  this  fame  proportion  will  the  Semiquadrants  be 
That  are  deferibed  by  them.  JSut  the  eighth  part  of  the  Peri¬ 
phery -from  the  radius  B  E,  is  equal  to  the  quadrant  from  the  ra¬ 
dius  A  -E  ;  therefore  the  quadrant  E  O  to  the  Semiquadrant  of 
the  radius  B  N,  is  alfo  as  1200,  to  43 1 , Therefore  if  the  rubing 
upon  of  the  axis  of  the  bell  with  the  fixed  Prop  and  hole,  be  1 200, 

the 
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the  Wheel  B  with  its  Axis  is  43  i,  to  which  the  robing  upon  of 
the  other  Wheel  C  with  its  Axis  is  equal  3  and  therefore  the  under 
Wheels  the  diameter  whereof  is  only  double  to  the  diameter  of 
the  axis  of  the  bell,  the  robing  upon  is  as  862  to  the  rubing  up¬ 
on  which  is  as  1200;  if  therefore  the  diameter  of  the  Wheels 
to  the  Axis  of  the  bell  be  not  only  double, but  triple  or  quadruple, 
the  rubing  upon  will  be  much  Idle r,  and  the  facility  in  carrying 
the  bell  greater. 


Me  c  han't  ck- Powers. 

OF,  THE 

Wheel  or  Axes  in  Peritrochio. 
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Fig*  45,  46.  A  Xes  in  Veritrcchio ,  which  in  Latin  they  call 
-/jL  Suculum ,  or  JVindlace  3  It  con  lifts  of  a  Cylin¬ 
der,  or  round  piece  A  B ,  to  which  is  Ext  an  Axis  C  D,  it  hath 
alfo  handles  or  radius’s  Ext  to  the  Cylinder 3  about  the  Cylinder  a 
rope  is  turned  to  which  the  weight  is  faftned^fbmetimestheAxis 
C  D,  is  parrallel  to  the  Horizon, as  in  Fig.  46,  and  fometimes  it  is 
perpendicular  to  the  Horizon3as  in  Fig.  4.5.  and  may  be  varioufy 
made,  and  yet  its  effence;  or  being,  remain  unchangeable,  and 
the  fame  power  perfevering  in  augementing  5  For  whether 
the  handles  be  immediately  Ext  to  the  Cylinder ,  as  in  Fig.  44, 
or  whether  they  he  Ext  to  the  Circumference  of  the  Wheel,"  as 
in  Ftg.  43.  it  differs  little,  for  the  true  length  of  the  radius 
Is  the  diftance  of  its  end  from  the  Axes. 
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A  Theorem.. 


THe  Wheel  or  Axis  in  Vmtrochio,  is  a  Ballance  or  Leaver . 

Fig .  47.  Let  the  bafe  of  the  Cylinder  be  A  B,  its  Cen¬ 
tre,  or  the  Common  Seftion  of  the  bafe  and  Axis  the  point  C 
which  when’t  is  immovable  hath  the  force  of  a  fulciment  or 
Prop,  let  the  weight  hang  from  the  point  A,  and  the  Power 
in  D,  I  fay  there  will  be  found  a  Ballance  or  Leaver  of  the  firft 
kind,  for  although  the  handle  B  D  be  not  always  fixt  in  the 
fame  plain  wherein  the  weight  A  is  found,  neverthelefs  it  de- 
fcribes  an  equal  Circle  to  that  which  it  runs  over,  if  it  exift  in  • 
the  fame  plain ;  and  therefore  is  found  robe  a  Ballance  or  Leaver 
of  the  firft  kind,  And  the  fame  Proportions  which  we  have 
made  of  the  Leaver  may  be  applied  to  this  Engin,  fince  the 
Increafe  of  the  motion  of  a  power  above  the  motion  of  a . 
weight  is  the  fame ;  Therefore  (  by  the  firft  principle  of  this  ) 
the  increafe  of  force  is  the  fame  :  But  in  the  fecond  cafe 
in  which  the  weight  depends  on  the  point  F,  the  Prop  is  in 
H,  and  the  Power  in  G,  kisa  Leaver  of  the  fecond  kind. 

But  if  the  power  be  in  the  point  K,  the  Prop  in  L,  and  the 
weight  depend  on  the  point  M,  as  yet  it  Will  be  found  a  Leaver 
of  the  firft  kind,  but  being  thus  difpofed,  the  force,  of  the. 
Bower  is  d  i  mini  the  d* 

Laftly,  If  the  Fulciment  or  Trop  be  in  the  point  O,  the  Power 
in  R,  the  weight  in  R,  it  will  be  found  a  Leaver  of  the  third 
kind,  wherein  the  force  of  the  weight  is  increafed,  and  the 
force  of  the  Power  leffenedj  notwithftanding,  this  difpofition 
is  not  unufeful  when  the,  power  exceeds  the  weight  by  a  lon¬ 
ger  interval  or  fgacc* 


Corollary. 


V  .  *■.„  -.*k 

Book  III.  Mechanic 4  Powers 

\ 

Corollary.  I.  - 


r 


If  the  Power  be  to  the  weight,  as  the  Semidiameter  of  the 
Cylinder  to  the  length  of  the  handle,  or  radius,  the  power  in 
fuch  difpofition  will  be  in  Equilibria  with  the  weight :  And  I 
fuppofe  the  Power  to  be  applied  in  the  extream  or  end  of  the 
radius, and  to  force  the  handle  always  perpendicular;  The  rea- 
fon  is  ielear,  becaufe  (  by  the  fi rft  Principle  of  this )  ’tis  then  in 
Equilibria ,  when  the  Power  is  to  the  weight,  as  the  motion 
or  the  weight  to  the  motion  of  the  Power  reciprocally.  But 
the  motion  of  the  weight  is  to  the  motion  of  the  Power,  as 
its  diftance  from  the  Axis,  to  the  dillan ce  of  the  power 
from  the  fame  Axis :  For  while  the  power  abfolves  one  cir¬ 
cle  about  the  Axis,  the  rope  alfo  is  once  turned  about  the  Cy¬ 
linder,  and  the  weight  abfolves  an  equal  motion  to  one  circum¬ 
volution,  or  one  circle  of  the  Cylinder ,  but  Circles  are  to  each  o« 
theras  are  their  Radius’s,  Therefore ‘if  the  Semidiameter  of  the 
Cylinder  be  to  the  length  of  the  handle,  as  the  power  to  the 
weight,  it  will  be  in  equilibria,  and  the  power  will  fuftain  the 
weight ;  which  was  to  be  demonftrated. 

But  that  the  force  of  this  Engin  may  be  the  better  concieved, 
take  the  Semidiameter  of  the  Cylinder ,  and  compare  it  with 
the  length  of  the  handle,  which  take  fromthe  Axis  to  the  point 
in  which  the  power  is  applied;  and  as  often  as  the  Semidia¬ 
meter  of  the  Cylinder  is  found  in  the  length  of  the  handle^ 
fo  often  is  the  power  multiplied;  that  is,  let  there  be  a  man 
in  Equilibria  with  too  pounds,  and  be  the  Semidiameter  of  the 
Cylinder  be  i  o  times  found  in  the  handle  ;  I  fay,  the  fame  man 
can  with  this  Engin  fuftain  sooo  pounds. 


Corollary.'  II. 

But  if  there  be  a  greater  proportion  of  the  power  to  the 
weight,  than  of  the  Semidiameter  of  the  Cylinder  to  the  length 
of  the  handle,  the  Power  will  raife  the  weight;  for  greater 
force  is  required  to  move  a  weight,  and  to  overcome  its  refin¬ 
ance,  than  to  make  it  even,  ox  level 
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In  like  manner  if  there  be  greater  proportion  of  the  length 
of  the  handle  to  the  Semidiameter  of  the  Cylinder ,  than  of  the 
weight  to  the  Power,  the  power  will  be  fuperior  to  the  weight: 
and  overcome  its  .ref  fiance. 


If  the  power  move  the  handle  by  a  line,  not  perpendicular 
iq  the  fame;  Its  true  difcance  from  the, Axes  or  Prop  will  be. 
Idler  s  As  if  in  Fig.  48.  the  handle  be  BC,  and  the  power 
draws  by  the  oblique  line  C  E  5  the  true  didance  of  the  power 
according  to  which  we  ought  to  meafure  its  increafe  or  aug~  . 
.mentation  will  be  the  perpendicular  B  D(  as  is  /hewn  at  Propo- 
fit  ion  19.  of  a  Ballance  or  Leaver. ) 


IV. 


if  a  rope  be  fb  turned;  about  a.  Cylinder  that  it  makes  the 
folding  fpiraf  or  that  one  Spiral  folds  on  another,  it  makes  the 
difficulty  of  drawing  greater,  or  increafes  the  force  of  the 
weight;  for  when  the  Semidiameter  of  the  Cylinder  .is  increased, 
k  makes  the  proportion  of  the.  length  of  the  handle,  to  the 
Semidiameter  of  the  Cylinder  lefs  (  by  the  10th.  of  £th.  Euclid . ) 
or,  that  I  may  ipeak  more  plainly,  the  Semidiameter  of  the 
Cylinder ,  is  not  fo  often  found  in  the  length  of  the  handle;  if  it 
happen  that  the  Cylinder  be  not  long  enough  to  hold  all  the 
Spites,  but  it  {hall  be  needful  to  put  one  Spire  upon  another, 
fince  thofe  Spires  fo  put  upon  ©ne  another,  necdfarily.  in¬ 
creafes  the  Semidiameter  of  the  Cylinder ,  the  fame  weight  will 
have  unequal  force,  and. will  fooner  movethe  Clock  orVatch, 
whence  it  follows  that  the  fird  hours  are. unequal  and  fhorrery 
But  if  anyone  would  .have  ( for  example  /the  third  hour 
ikprter  than  the  red,  let  him  increafe  the  Cylinder  of  the  Tym- 

pa?e,  upd^er  the  Spire  which  anfwers  that  hour  and  he  will  have 

hfedefireo 
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Corollary..  V. 

Fig.  49,:  From  this  proportion  you  may  underftand  where-- 
fore  in  watches,  which  are  not  animated  by  weights  but  by 
fprings,  wherefore  I  fay  the  Cylinder  about  which  the  fixing  or 
chain  winds  is  not  made  Cylindrical  hut  Conical,  as  in  this  figure* 
for  when  the  fprings  in  the  beginning,  are  more  flretched  than  * 
towards  the  end,  therefore  they  have  greater  force  than  the 
reft  3  In  the  beginning  they  ought  to  draw  by  the  Apex  of  the  - 
Cone,  that  is,  then  there  is  but  a  (mail  diftance  from  the  Axis, 
but  in  the  end  they  draw  by  the  bafe  of  the  Cone,  in  which 
part  there  is  a  greater  diftance  from  the  fame  Axis  3  to  war,  . 
that  greater  force  drawing  from  a  Idler  diftance,  or  in  a  (mail¬ 
er  motion,  may  be  equal  to  the  force  of  a  leffer  drawing  from 
a  greater  diftance  :  For  let  the  force  of  the  fpring  in  the  be¬ 
ginning  of  drawing,  to  wit,  when  ’tis  moft  flretched  be  equal 
to  one  pound  weight,  and  in  the  end  equal  to  the  weight  of  " 
4, .ounces,  or  ~  part  of  a  pound  3  the  Semidiameter  of  the 
Circle  of  the  Cone  in  which  the  String  or  Chain  is  knit,  in  the 
beginning  of  drawing  ought  to  be  ~  part  of  the  Semidiameter  r 
of  the  Cones  bafe,  according  to  which  the  drawing  is  made - 
In  the  end,  for  thus  the  force  in  each  cafe  will  be  equal  and  ft 
will  draw  uniformly. 

Corollary.  VI. 

Fig ,  $ 0 :  Hence  may  eafily  be  folved  a  queftion  oftentimes  > 
propofed  to  me,  to  wit,  whether  the  fame  weight  hanging  on 
a  Jong  cord  hath  more  force  than  if  it  hung  on  a  (Fort  cord  3  , 
or  whether  it  be  harder  to  draw  the  weight  A  than  the  weight 
B,  which  I  fuppofe  to  be  equal  3  The  reafon  of  the  difficulty  / 
feems  to  be  becaufe  the  weight*  A  is  farther  diftantfrom  the 
Axis  of  the  Cylinder  than  the  weight  B,  and  therefore  feems  to  ! 
require  more,  force  3  therefore  we  fay  nor  any  diftance  from 
the  Axis  is  the  meafure  of  the  increafe  of  force,  but  that  only 
from  whence  follows  greater  motion;  therefore  whether  the 
weight  exift  in  A  or  in  B,  while  the  Cylinder  is  turned  round  i 
once,  the  weight  afcends  according  to  a  line  which  is  equal  1 
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ro  the  Circumference  of  the  Cylinder-,  therefore  in  each  cafe 
the  weight  is  equally  moved,  therefore  equally  gravitates  ■  r>ot- 
withftanding  I  exclitde  the  weight  of  the  rope,  or  cord 

But  if  thefe  weights  hang  not  freely,  but  the  lines  BD,  AC 
fhould  be  of  rigid  matter  and  inflexible :  Becaufe  while  the 
Cylinder  is  turned  about,  the  weight  A  defcribes  a  greater 
Circle  than  the  weight  B,  the  fame  weight  A  will  have  sweater 
force  than  the  weight  B,  according  to  the  proportion  of 
diftances. 


PROP  OS.  II. 


A  Theorem. 

WHile  a  power  aBeth  by  the  force  of  its  own  gravity ,  the  in - 

creafe  of  the  Tower  doth  not  always  ought  to  be  remired  from 
the  difiance  of  the  Axis .  1  J 

Fig*  ji.  Although  we  have  toucht  upon  this  proportion 
already :  Neverthelefs  we  will  lit  it  peculiarly  to  this:Engin,  be- 
cauie  that  tis  already  known,  and  in  common  ufe  with  flone 
>  ^be  Machine  or  Engin  conhfts  of  a  large  wheel  into 
which  men  enter,  and  in  wliich  they  walk,  alio  a  Cylinder 
about  which  the  rope  is  turned  about,  and  an  oblong  neck, 
in  whofe  extream  or  end  is  a  Pulley  to  dired  the  weight  •  It 
may  be  quell  toned,  whether  the  force  of  the  power  of  the 
movent  applied  in  the  extream  of  the  Wheel  be  increafed, 
according  to  the  proportion  of  the  Semidiaroeter  of  the  wheel 
to  the  Semidiameter  of  the  Cylinder  :  to  winch  I  anfwer  it  is 
not  fo,  for  when  a  man  wAs  in  a  Wheel,  and  ™  by 
gravity,  to  wir,  by  a  line  tending  to  the  Centre  of  the  Earth, 
applied  m  divers  parts  of  the  wheel,  yea,  often  times  aimoft 
under  the  Axis,  Its  true  di fiance  is  not  to  be  taken  according 
ro  the  Semidiameter,  as  if  the  man  were  walking  in  the  point 
A,  when  he  moves  by  the  line  A  B,  his  true  diflance  is  CD:  as 
ss  ihewn  in  Proposition  i  $>. 


TROTS . 
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PR  OP  OS.  III. , 

A  Thorem. 

Of  the  windlace  placed  Vertically . 

Fig.  52.  A  Lthough  it  matters  not  much  how  a  Wind! ace  is 
jLjl  placed  as  to  its  fite  or  pofition,  yet  a  Windlace 
whofe  Axis  is  vertical  hath  this  peculiar  property,  that  it  may 
be  wrought  by  animals  only,  becaufe  that  ( properly  fpeaking) 
animals  only  have  their  motion  Horizontal,  although  alfo  fome 
mills  are  made  in  which  water  moves  the  Windlace  vertically, 
ye^and  the  wind  alfo, as  we  /hall  fliew $  I  have  often  wondered 
th^t  thefe  kind  of  Windlaces  are  no  oftner  made  ufe  of  in 
buildings,  fince  by  the  help  of  a  horfe  only,  greater  ftore  of 
Stones,  or  Backs,  or  Morter,  may  be  conveighed  to  the  upper— 
parts  of  the  building,  than  by  4  or  5  men  $  Wherefore  a  ver¬ 
tical  Windlace  may  be  worked  witty  a  Mill-horfe,  and  about  the 
Cylinder  a  double  rope  may  be  curried  about,  in  a  contrary  man¬ 
ner,  fo  that  in  the  mean  while  that  one  weight  rifes,  it  fends , 
down  the  other  Inftrument.  The  force  of  this  Machine  will  be 
very  great*  for  when  a  horfe  can  carry  more  than  300  weight, 
he  will  draw  much  more,  or  raife  by  drawing  3  we  will  fup- 
pofe  5:00  weight,  and  his  force  increafes  according  to  the  pro¬ 
portion  of  A  C  to  AB  j  and  for  the  moft  part  AC  contains 
10  lines  of  A  from  whence  it  will  be,  that  one  horfe  alone 
may  raife  5000  pound  weight  j  but  if  the  weights  ought  not 
to  be  fo  great,  and  it  feem  better  to  raife  more  fmall  weights 
with  refpited  force,  than  to  take  up  a  great  weight  together, 
and  at  once,  left  the  ropes  be  broke,  then  you  may  increafe 
the  Cylinder  A  B  to  any  thicknefs  that  you  pleafe,  for  then  you 
will  kflen  the  force  of  the  power,  and  fooner  take  up  the 
weight. 

Never thelefs  becaufe  in  this  Machine  or  Engin  there  feems 
this  incommodity,  that  the  weight  being  elevated,  the  Wind- 
lace  ought  to  be  turned  the  contrary  way,  and  there  would 

be 
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be  feme  lofs  of  time,  to  turn  the  boric  the  contrary  way  • 
firft  ’tis  certain  that  if  men  were  placed  to  this  Windlace^  that 
inconveniency  would  ceafe :  But  if  yet  you  would  ufe  a  horfe, 
make  a  compounded  Machine  or  Engin  of  two  Wtndlaces ,  hav¬ 
ing  tw  o  Cylinders  with  teeth,  or  toothed  Tywpanes^  which  Ver¬ 
tical  Windlace  may  move  the  other  Horizontal,  fo  that  if  the 
cogs  or  teeth  of  the  Cylinder  be  put  to  the  other,  the  Cylinder 
will  be  moved  on  one  part  3  but  if  it  incur  in  the  other 
Cylinder ,  the  Cylinder  will  be  moved  with  a  contrary  moti¬ 
on  3  and  *tis  eafy  fometimes  to  move  one,  and  fometimes 
the  other  Cylinder >  with  a  moveable  Leaver  about  the  cardinal 
point. 

Fig .  $3.  This  vertical  Windlace  is  commonly  ufed  by  Tea¬ 
men,  chiefly  in  great  Blips,  fo  that  thereby  they  take  great 
weights  into  fhips,  and  draw  out  great  anchors  which  require 
great  force,  both  by  reafon  of  their  weight,  as  alfo  to  dig  them 
out  and  draw  them  from  the  earth,  wherein  they  flick  fafi-3 
where  in  one  thing  is  to  be  noted,  that  becaufe  the  Cables 
or  great  Ropes  are  oftentimes  fo  thick,  that  if  they  are  rolled 
about,  the  Cylinder  %  and  Spire  is  put  upon  Spire,  they  grow  10  a 
great  mole,  and  render  the  Engin  ufelefs,  therefore  they  turn 
only  3  Spires  or  4  at  mod  about  the  Cylinder ,  fo  that  while  a 
Seaman  turns  one  end  of  the  rope  round  it,  the  other  is  rolled 
away  3  And  that  it  may  always  confift  in  the  middle,  nor  run 
through  the  whole  Cylinder ,  the  Cylinder  is  made  broader  at 
the  ends  after  the  manner  of  a  Cone,  as  you  may  fee  in  the 
Figure,  for  fo  the  rope  is  kept  in  the  middie. 

Fig.  54.  There  are  reduced  to  the  vertical  Windlace  or  Axis 
in  Peritrochio  your  leffer  water-mills,  in  which  the  water  dif- 
pofed  in  the  wheel  forces  it  fo,  that  the  Wheel  is  moved 
Horizontally,  and  its  Axes  vertically  3  We  ufe  this  Engin  when 
great  Bore  of  water  is  not  at  hand,  and  the  greater  the  wheel 
is,  the  greater  will  the  ftrength  of  the  water  be,  according  to 
the  proportion  of  the  diameter  of  the  Wheel  to  the  diameter 
of  the  Mill  3  But  in  the  fame  proportion  decreafes  the  velocity 
of  morion  in  the  Mill,  for  each  turning  round  of  the  Wheel, 
anfwers  each  turning  of  the  Mill,  from  whence  it  happens  that 
great  care  mud  be  taken  that  the  Wheel  be  not  made  greater 
than  is  requifite,  for  if  it  be  there  follow  s  a  flownefs  in  the  mo¬ 
tion  of  the  Mill,  and  the  Engin  is  rendred  lefs  ufefullj  iikewife 

if 
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if  the  Wheel  be  made  lefs  than  the  refiftance  of  the  Mill 
requires,  there  will  be  no  motion. 

To  the  fame  Engine  are  recalled  other  wheels,  which  how- 
foever  expofed  to  the  wind,  always  turn  round ;  for  to  what 
wind  foever  on  one  part,  the  Concavity  of  the  little  hand 
turns,  the  convexity  of  the  other  is  alfo  turned, as  if  the  wind 
blew  directly  according  to  the  line  A  B,  the  wind  will  touch 
the  Concavity  of  the  little  hand  A  G  B,  and  the  Convexity  of 
the  little  hand  B  A,  but  then  it  makes  greater  impreffion  while 
it  incurs  in  theConcavity,than  while  in  theConvexity  ;  becaufe 
then  it  eafily  flips  away,  this  Wheel  is  turned  from  A  by  G  in 
B :  And  the  impreffion  of  the  wind  may  alfo  eafily  be  hindred 
in  the  little  hands  A,  and  then  it  will  be  turned  more  vehe¬ 
mently,  to  wit,  if  there  be  placed  fome  obftacle. 

This  kind  ofWindlace  is  ufed,  as  often  as  we  ufe  Animals, 
but  chiefly  we  ufe  Miil-Horfes  when  we  work  Engins,  fuch  as 
Mills;'  we  grind  all  manner  of  Corn  with,  or  Nuts,  or  Olives, 
or  for  the  Extraction  of  Oyl ;  I  omit  feveral  other  Engins, 
which  part  of  them  are  recalled  to  this  kind  of  windlace. 

* 

PKOPOS.  IV. 

A  Theorem. 

Of  the  double  Axis  in  Peritrochio ,  or  a  Wheel. 

Fig.  £$*  moft  part  of  vulgar  Engins  are  not  fo  fim- 

1  pie,  but  that  oft  times  they  contain  a  double 
Engin  of  the  fame  kind  5  I  Avail  not  infill  upon  the  Compo- 
fltion,  which  may  be  made  from  a  double  or  triple  ba!lance,or 
leaver  becaufe  for  the  moft  part  fuch  compofure  is  ufelefs, 
whence  the  firft  Compolkion  which  may  be  made  for  ule  is 
the  double  windlace,  and  fometimes  a  triple  one,  according 
as  the  thing  requires :  But  becaufe  as  we  have  faid,  the  Wind¬ 
lace  is  recalled  to  a  leaver,  and  that  continually,  therefore  it 
will  not  be  unprofitable  briefly  to  note,  how  wonderfully  a 
power  is  augmented  by  ufing  a  double  Leaver ;  for  let  the 
leaver  be  A  B,  its  Prop  C,  -  alfo  let  AC  be  to  C  13,  as  10  toi  j 

K  Sure 
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Sure  it  is  the  Power  applied  in  the  point  A,  is  equivalent  to 
i  o  Powers  equal  to  it  felf,  applied  in  the  other  leaver  DF,  fo 
that  EF  be  to  DE  as  io  to  i  3  the  Power  placed  in  Fis  equi¬ 
valent  to  io  Powers  equal  to  itfelf,  in  refpedl  of  weight  con- 
limited  in  D;  But.  if  the  leaver  D  F  impells  the  leaver  A  B, 
the  Power  F  will  be  equivalent  to  100  powers  equal  to  it  fdf] 
in  order  to  a  weight  conflituttd.or  placed, in  the  point  B, 

And. the  reafon  is  clear,  the  point  F  hath  io  times  greater 
motion  than  the  point  D,  but  when  the  point  D  is  conjoined 
with  the  point  A,  they  make  the  fame  motion 3  but  the  point 
A  runs  through  io  times  a  greater  fpace.  than  the  point  Bt 
Therefore  (by  the  firft  principle  of  thisj)  in  fuch  difpofition  of 
the  Engin,  the  power  conftitnted  in  the  point  F  will  be  equi~ 
valent  to  100,  equal  to  it  felf,  in  refpeft  of  weight  placed  in* 
the  point  ft. 

Fig.  $6.  Which  Do&rine  is  applicable  to  Windlaces,  \{  they 
are  fitted  in  the  fame  manner  3  as  if  the  handle  A  C  be  10 
times  greater  than  the  Semidiameter  of  the  Cylinder  B,  and 
the  Rope  annexed  to  the  Cylinder  b,  moves  the  Windlace  E, 
by  the  end  of  the  handle  D  F,  which  alfo  is  10  times  as  great 
as  the  Semidiameter  of  the  CylinderE:  I  fay  the  power  A  is- 
1 00  times  encreafed  with  refpeft  to  the  weight  G,  which  is 
manifefh 


Fig.  Notwirhftanding,  becaufe  in  this  difpofition  the  * 
Cylinder  E  ablolves  only  half  the  turning  about,  therefore 
this  Engin  is  rendred  ufelefs  in  many  effedts :  Therefore  if  you  - 
would  know7  the  difpofition  in  which  the  leaver  D  E  may  al¬ 
ways  draw,  this  will  be,  if  the  Rope  be  made  (a s  they  call  it) 
perpetually  turned  round  about  the  Cylinder  A,  encompalfing 
the  Wheel  B  C  of  the  Cylinder  D,  and  this  Engin  may  be 
mod  ufeful,  efpecially  when  the  two  Cylinders  A  and  D  are 
diftant/from  each,  other  a  great  fpace  y  neverthdefs  it  hath 
this  ihconvenierxy,  that  oft  times  it  happens  that xhe  Cylinder 
A  is. moved  -alone,  although  the  Rope  draw  not  3  .  and  therefore 
drey  make  the  Cylinder  A*  rough  with  hollowing?,  and  alfo 
they,  make  knots,  or  balls  in  the  Rope  which  enter  into  the. 
followings,  and  (lay  the.  Cylinder  that,  it  cannot move  alone, 
is  in  the  Figure  E  appears  plainly. 

Fig  58.  W,e  ufe  the  fame  Engin,  but  in  a.  contrary  manner/ 
when  the  power  overcomes  the  refiftanee  of  the  weight  by  a. 
eyrig,/p->ce,,  but.  a  . molH wife  motion  is  demanded ;  as  if  the 
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o-reafer  Wheel  be  A  about  which  the  Rope  is  folded,  and  aifo 
about  the  leffer  Wheel  B,  whofe  Diameter  is  contained  i  o  times 
in  the  greater  Diameter :  Tis certain  that  every  circumvolution 
of  the  Greater  will  anfwer  io  Circulations  of  the  leffer;  but 
in  this  difpofition  the  power  is  leffened  ,  that  is,  if  the  power 
as  i  be  applied  at  the  handle  C,  you  may  determine  to  raife 
fome  weight  hung  to  the  Cylinder  D,  there  will  be  required 
a  power  to  times  greater  to  take  it  up,  if  it  be  hung  on  the 
Cylinder  E.  Howbeit  this  Engin  is  very  ufeful,  becaufe  oft 
times  a  Dower  overcoming  a  refiftance  fuftained  by  a  great  ex- 
ceT  cannot  otherwife  conveniently  be  applied :  So  they  which 
lharpen  Knives,  and  other  edge  Tools  on  a  Gnndftone,  have 
greater  force  than  to  overcome  that  refiftance, whereby  the  Iron 
refills  the  motion  of  the  Stone  while  it  is  held  upon  it  and 
requires  a  fwift  motion  only,  which  cannot  be  produced  from 
the  power  in  like  manner,  becaufe  us  impoflible  to  move  the 
Arm  fo  fwift  •  In  this  cafe  an  Engin  muft  be  uled,  which  en- 
creafesthe  motion,  although  it  Men  the  force  of  the  power: 
This  Engin  is  eafie,  and  much  ufed,  and  chiefly  of  Women 
which  Spin ;  alfo  when  they  draw  out  Silken  Threads,  or 
double  them  ;  alfo  of  thofe  that  pollilh  pretious  Stones,  of 
Turners,  and  of  many  others,  and  I  wonder  that  his  not  ufed 

by  more. 


V  R  OP  OS.  V. 

A  Theorem. 

Of  Wheels  with  Cogs^  or  Teeth. 

s9  HP  Oothcd  Wheels  .are  recalled  to  Axis  in  Ptr.L 
5  J[  trochio,  and  are  eafily  underftood  by  a  perpe¬ 
tual  leaver ,  wonderful  is  the  increafe  of  power  in  ufing  fuch 

an  Engin.  ,  3 

For  fmce  that  while  one  Wheel  is  io  times  turned 

about,  the  other  is  but  only  once  turned  round,  it  cauies  each 
Wheel  to  increafe  in  a  decuple  proportion>and  therefore  filial! 
(  K  2  oe 
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be  demonftratecl  elfewher'e,  a  number  confiding  of  50  Areth- 
metical  Figures,  is  greater  than  the  number  of  Sands  which, 
the  whole  Circuit  of  the  Firmament  can  contain ;  but  the 
number  ol  each  Figure  added,  increafes  in  a  decuple  propoti- 
on,  and  from  thence  the  power  follows. 

The  Demonftration .  Let  there  be  a  power  in  A  which  can 
draw  to  it  felf  100  pounds,  and  let  C  D  be  10  times  the  Semi¬ 
diameter  E  F,  and  let  there  be  fo  many  Teeth  in  the  Wheel 
G,  that  EF  may  defcribe  io  orbs  in  the  fame  time  that  the 
Wheel  G  defcribes  one Moreover  let  Gbe  io  times  turned 
round  while  the  Wheel  L  abfolves  one  circumvolution,  and. 
fo  on ;  I  fay,  the  Power,  as  i  oo  placed  in  A,  is  able  to  elevate 
a  weight  of  iooooo  pounds. 

For  fince  the  power  in  A  runs  through  a  fpace  io  times 
greater  than  the  little  Wheel  EF,  and  the  little  Wheel  EF  io 
times  of  the  little  Wheel  M,  and  the  little  Wheel  M  10 
times  more  than  N,  and  this  again  io  times  more  than  the 
Cylinder  GH:  The  power  A  runs  through  iooooo  times  grearer 
fpace  than  the  weight  P ;  but  the  power  is  increaft  according 
to  the  proportion  whereby  its  motion  exceeds  the  motion  of 
the  weight,  (by  the  firft  principle  of  thisj  therefore  the  power 
A  in  refpe<3  of  the  weight  P,  is  equivalent  to  iooooo  powers 
equal  to  it  felf:  but  A  is  fuppofed  to  be  able  to  draw  to  it  felf 
100  pound,  therefore  ’tis  equivolent  to  ioooo  powers  which 
can  each  draw  ioo;  but  ioooo  of  fuch  powers  can  draw 
1000000  5  Therefore  the  power  in  A,  by  the  help  of  this 

Engin  can  draw  ioooooo  pounds,  which  was  to  be  demon- 
ftrated. 

But  on  thecontrary  the  wreight  lofes  as  much  of  its  force  - 
whence  if  inftead  of  the  weight  P,  a  power  be  placed  which 
can  elevate  i  ooooo  pounds ,  and  the  weight  in  the  point  A 
can  only  elevate  a  weight  of  one  pound,  but  the  lofs  which 
the  power  A  foifers*  is  in  time,  for  it  ought,  to  make  1000 
Circumvolutions  in  the  fame  fpace  of  time  that  the  Cylinder, 
1,  abfolves  i. 

Alio  this  Engin  is  inverted, or  changed,  as  often  as  the  force 
abounds  in  the  power,  and  a  moil  fwift  motion  is  required  in 
?ne  weight,  v^hich  may  ealily  be  underilood  by  the  forefaid 
tlifcourfe,  to  wit,  if  the  handle  be  in  the  Axis  I,  ’tis  certain, 
that  the  Axis  DE  makes  1000  Circumvolutions  in  the  fame 
urne  that  1  oriy  makes  one. 

Prop, 
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VROVOS.  VI. 

A  Theorem. 


T 7  recall  Toothed  Wheels  to  the  Leaver , 

fig.  60.  >"pHE  whole  multiplication  of  a  power*  by  help 
A  of  Wheels,  is  eafiy  ro  recall  ro  Leavers,  yea  he, 
that  dilligently  confiders  the  nature  of  Wheels,  may  eafily  con¬ 
fider  the  perpetual  leaver  in  them,  for  each  Cog  of  the  Wheel 
is  a  Leaver,  which  are  fubftituted  to  themfelves  by  turns,  fo 
that  one  being  deficient  another  fucceeds  it. 

And  that  we  may  confider  the  fame  in  the  Multiplication  of 
leavers,  let  there  be  3  leavers  A  B,  D  E,  I  H,  and  let  AC  be 
to  C  B  as  1  to  10  5  in  like  manner  D  F  to  F  E,  and  E  I  to  I H:. 
I  fay  the  power  as  1  in  H  in  refpeit  of  the  weight  A*  is  e- 
quivalent  to  1000  powers  equal  to  it  felf. 

The  Demonstration.  H  is  10  times  more  moved  than  E  or  F, 
and  E  10  times  more  than  D  or  B,  and  B  10  times  more  than; 
A  5  Therefore  the  motion  of  the  power  in  H  is  ioqo  times 
more  than  the  motion  of  the  weight  in  A :  but  if  there  fhouldi 
be  only  one  leaver  K  M  it  would  be  otherwife,  for  the  leaver 
LM  would  be  only  30  times  the  part  KL,  and  fo  the 
power  in  M  would  be  equivalent  only  to  30  powers  equal 
to  it  felf. 

To  this  kind  are  recalled  almoft  all  Engins  of  any  moment 
which  we  commonly  ufe,  and  which  in  the  following  pro- 
pofitions  I  fhall.  explicate,  the  Forces  whereof  if  any  one. 
would  confider,  in  general  he  muft  meafure  both  the  motion 
of  the  weight,  and  of  the  power,  and  compare  them  between, 
themfelves. 
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A  Theorem. 

Of  Engines  moDed  by  Water . 

F/£.  61  •  A  Mon§  others  thofe  Engines  are  moft  ufeful, 
TlL  which  are  rather  moved  by  Inanimate  things 
than  by  Animals ,  becaufe  that  Inanimate  things  want  not 
nourifhment,  and  are  never  tired  or  wearied  3  but  Inanimate 
things  which  are  wont  to  Animate  Engines,  are  likewife  ail 
thole  things  which  eaufe  Motion,  as  Water,  Wind,  Smoak,  any 
kind  of  Weights,  Springs,  &c.  In  this  Propofition  I  fhall  briefly 
handle  thofe  Engins  of  that  kind  which  are  moved  by  Water  : 
And  I  find  that  Water  can  move  an  Engin  in  a  double  manner, 
either  by  an  acquired  force  which  can  equalize  a  percuflion, 
or  limply  by  weight  or  gravity,  thus  fome  Wheels  are  made 
which  bear  Water  on  one  part  5  in  which  *tis  requifite  to  know 
the  precife  proportion  of  the  Axis  in  Fmtrochio :  So  that  the 
weight  of  the  Water  may  have  the  exa 61:  proportion  of  the 
Power,  and  we  ought  to  meafure  its  force  by  the  diftance  " 
from  the  Axis,  which  in  fuch  cafe  the  forces  of  the 
handles  bears :  but  when  running  Water  moves  an  En¬ 
gine  or  Machine  not  by  force  of  weight,  but  by  acquired 
force,  that  is  done  either  becaufe  Water  is  conveyed  by  a  plane 
much  inclined,  or  running  into  wings,  or  little  hands,  but 
which  method  is  bell  we  will  examine  when  we  come  to  treat 
of  Hydraulic  Engines.  t  . 

Fig .  62.  But  ’tis  certain  that  greater  Wheels  have  mod  force, 
for  when  in  Windjaces  the  power  is  moved  by  a  longer  handle 
its  force  is  increafed,  but  likewife  a  requifite  time  is  increafl, 
whence  I  often  find  in  common  Mills  unneceffary  Expences  laid 
out,  to  wit,  they  make  the  greater  Wheels  winged,  in  which 
the  Water  dallies, alfo  becaufe  a  flower  motion  fliouid  follow  in 
the  Mill,  they  add  a  greater  toothed  Wheel  which  runs  into  a 
Idler  5  lb  that  while  the  greater  makes  one  revolution,  the  Mill 

makes 
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makes  8  Circumvolutions  ;  It  is  fufficient  that  the  firft  wheel 
A  B,  equipt  with  little  hands,  be  made  lefs  by  one  half , 
alfo*  the  wheel  C  D  to  be  {  of  that  j  fo  that  E  F  fhall  make 
only  4  Circumvolutions  in  each  rotation  of  the  greater  wheel 
A  B  *  for  the  Water  hath  the  fame  force  in  refpeft  of”  the  Mill 
EF,*in  moving  by  only  4  turnings  about,  and  the  Water  will 
twire  as  foon  turn  the  wheel  AB,  being  leffer  by  half ;  and  if 
we  weigh  or  confider  all  thefe  things.-exaftly,  and  according 
lo  Mathematical  Rules,  the  fame  thing  would  happen  if 
the  wheel  A  B  ffiouid  be  eight  times  leffer,  Jikewife  C  D  ffiouid 
be  8  times  leffer  5  fo  that  each  Circumvolution  of  the  Toothed, 
or  Cog  wheel,  ffiouid  anfwer  each  Circumvolution  of  the 


Mill  E  F. 

Which  things,  as  I  Have  laid,  are  true,  precifely  fpeaking, 
notwithftanding  we  muftconfider  one  thing,  That  greater 

wheels  becaule  they  depart  lefs  from  a  right  line,  therefore- 
their  little  hands  are  longer  forced  by  the  W  ater j  but  in  leffer 
wheels  each  little  hand  is  fooiier  elevated,  whence  in  all.  tiiefe 

fame  mediocrity  ought  to  be  obfervedc 

Fig.  6 3,  Not  only  Mills  for  grinding  of  Corn,  but  alto? 
moft  other  Engines,  yea,  almoft  all  which  are  made  in  Water  ■ 
are  reduced  to  this  kind  $  Firft,  all  Mills  for  Corn,  which  are 
made  on  the  banks  of  Rivers,  or  thofe  that  are  made  in  little 
Ships, and  in  the  middle,  of  Rivers,  or  other  Engins  which  are 
for  grinding  of  Nuts, or  of  Bones  to  powder,  drc*  Alfo  Engines 
to  make  Paper,  in  which  a  wooden  Cylinder  of  fufficient  mag7 
nitude  ftanding  out,  furniffit  with  little  troughs,  takes  up 
wooden  Mallots,  wliich  bruifc. and  break  whatfoever  is  laid, 
under  them  to  powder  j  your  Gun-powder  Mills  in  like  manner 
confiding  in  a  Cylinder,  equipt  with  like,  troughs,  which  take 
up  Peftles  of  Mortars  j  for  in  all  thefe  we  muft  confider  Axis 
m  \  Verimchio ,  as  well  in  the  wheel  which  the  Water  forceth 
or  driveth,  as  in  the  Cylinder  and  its  troughs,  taking  up  MaE 


lots,  or  Peftles.  _ 

Fig .  64.  Likewife  Mills  for  Iron,  in  which  alfo  a  Cylinder 
equipt  with  little  hands,  takes  up  and  lets  down  an  Iron  Mal¬ 
let  of  a  fufficient  greatnefs. 

Fig .  65.  And  thefe »are  of  divers  kinds,  according  as  they 
are  diverfly  required  to  be  made,  for  lome  are  greater.ands 
fome  are  leffer,  fome  pound  oftner  than  others. 


Fig*  66*. 
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Fig.  66.  Saws  alfo  which  are  drawn  up  and  thrpft  down 
by  the  handle  j  alfo  there  is  another  part  of  the  Saw  which 
belongs  to  another  kind,  viz.  to  the  Screw.  Alfo  Engines  in 
which  Bellows  are  wrought,  or  blowed,  which  belong  to  the 
fame  manner,  as  to  motion  upwards  and  downwards,  bur  if 
four  pair  of  Bellows  are  to  be  blowed  together,  the  Axis  ought 
to  be  made  turning,  or  bowing,  four  oppofue  ways,  that  they 
may  be  moved  in  any  order,  and  in  each  Quadrant. 


PROP  OS.  VIII. 

A  Theorem. 

Of  Engines  that  work  hy  the  gravity  of  Weights « 

ALfo  Engines  are  moved  by  Weights,and  the  force  of  their 
Gravity,  as  are  our  Clocks,  notwithfhnding  I  fhall  fay 
in  general,  that  all  thofe  Engines  are  not  fit  to  augment  the 
force  of  Powers,  but  to  fhorten  time,  to  wit,  that  that  may 
be  done  in  a  fhort  time,  which  was  wont  to  be  done  in  a 
whole  day ;  that  is,  let  an  index  of  hours  be  moved  in  a  whole 
day,  that  it  may  fhew  the  hours  properly,  if  a  man  /hould 
undertake  that  without  an  Engine,  he  would  fpend  the  whole 
day ;  a  weight  being  fubftituted  by  a  man  in  one  minute,  in 
drawing  or  winding  up  the  weight,  ufes  as  much  force  as  is 
neceflary  to  move  the  Hand  or  Needle  the  whole  day. 

The  famed  fay,  of  Engines  for  the  turning  of  Spits  in  con¬ 
venient  places,  which  have  nothing  peculiar  but  their  motion 
of  flaying, or  flopping,  which  we  rhall  treat  of  hereafter ;  and 
thefe  Engins  are  made  after  four  manners,  viz,,  with  Weights, 
with  Springs, by  Smoak,  and  by  iap^diving  Creature  walking 
in  a  Wheel  5  of  Weights  and  %rit^s  1  fhall  fay  nothing,  for 
’tis  moft  certain  I  have  found  nothing  in  them  more  than  too¬ 
thed  Wheels,  and  Axes  in  FeritrocUio  j  and  the  Animals  which 
are  commonly  made  ufe  of  for  the  turning  of  Spits,  are  Dogs, 
but  Geefe  are  better,  for  they  will  bear  their  Labour  longer, 
fo  that  if  there  be  need  they  will  continue  their  Labour  i* 
Hours.  Prop- 
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prop  os.  ix. 

A  Theorem. 

Engines  moved  by  Smoak.. 

Pig.  <>7.T?Ngines  which  arc  turn’d  by  Smoak,  ffiew  plainly 
H  how  much  force  is  increafed  by  Axis  in  Peritro - 
chlo ,  for  what  force  can  there  be  lefs  to  impel  and  move  a 
Weight  than  Smoak,  neverthelefs  while  this  runs  into  the  win¬ 
ged  Wheel  A  B,  all  whofe  wings  are  bent  in  the  fame  parr, 
if  the  wheels  are  fo  fitted,  that  while  C  D  makes  four  or  five 
Circumvolutions,  the  wheel  E  makes  one  5  and  in  like  manner 
while  the  wheel  E,  or  that  annext  to  it  F,  is  turned  four  or  five 
times, the  right  line  G  is  only  once  turned  j  A  B  makes  15  circu- 
lationsin  the  fame  time  that  G^fo.the  Spit  makes  one, I  fay, from 
this  multiplication  of  motion  in  the  power,  to  wit,  in  the 
Smoak,  or  "in  the  wheel,  into  which  the  Smoak  enters,  the  im- 
pulfive  force  of  the  Smoak  is  increafed  times,  with  refpedl 
to  the  refinance  of  the  Spit  placed  in  the  point  G,  and  I  do 
not  fee  any  thing  more  in  this  Engine  worth  our  taking  no¬ 
tice  of. 


PROP  OS.  X. 
A  Theorem. 


Of  Engines  working  by  the  Wind. 

<S8.npHe  reafon  is  the  fame  of  Mills  turned  by  the 
X  Wind,  in  which  alfo  the  fails  are  bent  in  the 
lime  part,  for  they  are  not  directly  oppofite  to  the  wind,  but 
rvery  one  in  one  and  the  fame  part  are  fomswhat  oblique, 
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almoft  in  the  fame  manner  that  Boys  make  paper  Wheels  orr 
a  Reed;  f<>  that  while  they  ran  and  bold  ir  in  the  Air  ’cis  ea- 
fAy  turn’d,  and  becaufe  the  force  of  the  Wind  and’the  vio¬ 
lence  is  very  ftrong,_  the  Mill  makes  more  turnings  about  than 
the  winged  wheel  in  a  contrary  manner,  as  in  the  precedent 
Engine.  And  the  fame  aueftion  may  be  made  of  this  kind  of 
Wind-mill,  which  is  made  of  common  ones,  to  wit,  whether 
they  may  not  be  more  compendioufly  compofed  than  com¬ 
monly  they  are  made ;  for  finee  by  the  multiplication  of  the 
Wheels  the  motion  of  the  Mill  is  increaft,  whether  or  no  it 
would  be  better  to  make  Idler  wings,  whence  it  will  come  to 
pafs  that  the  firfl  Wheel.,  will  compleat  its  revolution  fooner 
and  therefore  there  will  not  need  fo  much  multiplication,  of 
the  Wheels,  that  the  fil'd  Mill  fhouid  obtain  the  fame  motion  . 
’cis  alfo  worth  our  confideration  that  the  wind  is  not  applied 
in  one  place  only,  but  almoft  in  the  whole  wing  or  fail,  and 
therefore  the  greater  the  fail  or-  wing  is,  the  wind  will  not 
only  have  the  greater  force,  becaufe.  that  it  makes  greater  mo¬ 
tion  in  the  extream  with  refpedt  to  the  motion  of  the  mill, 
but  alfo  more  plenty  of  wind  is  adhibited,  whence  1  think 
tis  better  to  ufe  longer  wings  or  fails  than  fhonev. 


The  At  of  Mills  depends  on  Axis  in  Peritrochicx 

TO  reckon  up  all  the  Arts  which  depend  on  Axis  in  Peri- 
trochio  would  be  a  thing  not  unpleafant,  bur  almoflan 
endlefs  piece,  of  work,  and  would  be  rather  like  a  Hiftory  than 
a  Theorey,  in  which  I  chiefly  write  of  the  principal  caufes  of 
Engines,  flawing  by  what  ingenuity  every  one  may  defign  or 
contrive  Engine  after  his  own  manner  meet  for  the  purpofe. 
And  I  flail  infill  a  little  on  the.  making  of  Mills,  that  we  may 
know  how  great  prof  t  we  receive  to  the  commodity  of  life 
from  Axis  in  Veritrcchio ;  and  although  thofe  that  are  chiefly 
ordained, are  Miife  for  grinding  of  Wheat, and.  other  Seeds,  that 
bread  may  be  made:  of  flower,  yet  fome  part  of  them  are 
ddigned  toother  ufcs  j  for  as  muclv  as  the  outer  Wheel  is 
common  to  all,  which  by  water  running  into  it,  turns  it  and 
the  Axis  about.  For  if  Wool,  or  Hemp,  or  Flax,  be  to  be 
pounded,  or  any  body  ground  to  Powder,  if  old  Rags  are  to 
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be  beat  to  pieces  to  make  Paper,  little  pegs  or  pins  are  fixt  to 
the  Axis,  which  in  turning  about  meet  with  the  pins  of  i-e- 
ftles  and  raife  them,  and  deprefs  them,  and  their  weight  fail¬ 
in'1  on  the  matter  laid  underneath,  either  batters  or  breaks  it 
to°pieces,  or  beats  it  to  powder  in  Mortars. 

In  the  fame  manner  Peftles  may  be  difpofed  to  match  with 
their  hollow  Cylinders,  which  being  elevated  by  the  little  pins 
of  the  Axis,  attradl  the  water  into  the  hollow  Cylinders,  or 
rafting  in  naturally  -they  admit  it  through  the  Cells,  thea 
falling  down  by  their  gravity,  they  prefs  the  Water  through 
the  Tub,  and  force  it  to  afcend  to  an  higher  place.  ?  Or  .if 
you  like  not  Peftles  fo  great  and  heavy,  and  would  force  Wa¬ 
ter  to  a  higher  place,  difpoie  a  pair  of  Peftles  by  a  Rope,  or 
Chain,  put  through  the  hollow  of  the  upper  Wheel,  and  paf- 
ling  over  the  Periphery  joins  them,  or  rather  overthwart, 
like  weights  joined  to  a  Beam,  fo  that  while  one  is  depreft  the 
other  is  railed.  And  the  pin  of  the  Axis  deprefles  the  Peftie, 
by  whole  force  the -water  afcending  in  the  Tub  is  preft,  and 
the  other  Peftie  being  lifted  up  draws  the  Water  placed  beneath, 
which  in  like  manner  is  preft  down  after  that  by  the  pin  of  the 
Axis  anfwering  its  pinion  5  from  hence  it  conies  to  pafs  that  a 
longer  Axis  may  be  added  to  the  Wheel,  and  more  pairs  of 
this°kind  of  Peftles  in  like  manner  may  be  difpofed,  and  the 
pins  in  the  Periphery  of  the  Axis  lb  diftributed,  that  not  only 
more  Peftles  may  prefs  or  force  down  together,  but  every  one 
after  another,  if  the  power  turning  the  wheel  be  not  altogether 
fo  ftrong,  if  not,  and  it  ftould  be  ftronger,  you  may  deprefs 
more  together,  and  raife  thofe  that  anlwer  them  ;  unleis  by 
chance  it  pleafe  more, to  make  ufe  of  two  pair  of  Peftles  in  the 
fame  manner,  with  fo  many  pins  placed  in  the  Axis,  that  in  one 
going  round  of  the  fame  Axis,  the  fame  Peftie  may  be  dei  re  f 

twice  or  thrice.  . 

Moreover  to  this  place  appertains,  what  we  lee  m  many 

places  in  the  Work-houfes  of  Hammer-Smiths  of  Copper  •  r  I- 
ron,  where  alfo  the  outer  wheel  being  turn’d  about,  ai  d  the 
force  of  water  failing,  the  inner  wheel  in  the  room  turns  as 
if  it  were  turn’d  by  the  hand,  which  radius  of  the  Upper 
Axis  is  fixt  parallel  to  the  Horizon,  and  a  rule  joined  to  it  tl  at 
may  be  folded  in  the  Joints,  while  it  lifts  up  and  deprefles  ci  at 
which  is  overthwart  j  on  the  other  end  of  the  lame  Axis,  ta¬ 
king  up  in  like  manner  from  hence, and  depreffing  from  hence, 
r  L  Z  ir 
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it  procures  an  altern  or  changable  motion  to  the  Bellows ;  and 
the  other  wheel  receiving  a  ftronger  force  of  Water  falling 
down,  and  turning  its  Axis  about,  the  pins  fixt  at  the  other 
end  of  the  Axis  deprefles  the  little  rafter  or  leaver,  whofe  op- 
polite  end  being  raifed,  is  joyned  to  a  great  Iron  Hammer, 
which  bdides  the  fall  of  the  Axis  with  pins  of  it  felf,  light¬ 
ing  or  falling  upon  the  fubjedled  copper  or  Iron  being  burnt  in 
the  lire,  beats  or  hammers  it. 

In  all  thefe  the  Semidiameter  of  the  Wheelis  to  be  confider’d, 
in  whofe  little  branches  Handing  out  the  water  running  into, 
retains  the  force  of  the  moving  power ;  but  the  Semidiameter 
of  the  Axis  is  not  to  be  confider'd  alone,  but  alfo  the  length 
of  the  pins  that  flick  out  to  be  added,  fo  that  from  both  is  made 
one  only  Semidiameter  of  motion  which  is  communicated  to  the 
peftle,  or  to  the  deprefi  end  of  the  Hammer  or  Sledge.  I  fay,  to 
the  deprelTed  end  of  the  Hammer,  for  the  elevation  of  the 
Hammer  is  fbmewhat  greater  than  its  deprefiion  that  a  ftronger 
blow  may  follow ;  for  neither  the  little  rafter  or  leaver  is  alro- 
-gether  equally  divided  from  its  Axis  on  which  it  ftays  upon?N 
but  the  Hammer  is  a  little  farther  from  it, than  the  oppolite  end 
which  is  deprelTed,  and  therefore  the  deprefting  force  is  greater 
than  if  the  leaver  were  diftinguiftied  into  equal  parts.  °  Like- 
wife  in  the  motion  of  Bellows;  firft,  the  Semidiamer  of  the 
wheel  is  to  be  compared  with  the  adjoining  handle,  moreover 
rhe^  radius  fixe  to  the  fuperior  Axis,  muit  be  compared  with 
half  the  piece  that  goes  a  crofs  to  which  the  Bellows  are  joined, 
and  from  thefe  two  proportions  is  compounded  a  proportion 
of  motion,©!*  movement  of  the  power;  to  the  motion 'or*  move¬ 
ment  of  the  weight  moved. 

But  yet  in  Mills  whofe  grinding  ftone- for  Corn  is  turned 
round  parallel  to  an  Horizontal  plane, yea, and  that  very  fwifrly, 
that  the  grain  may  be  dilTolved  into  flower,  ’tis  not  enough 
that  the  outer  wheel  receives  force  from  the  Water  turning  the 
Axis  fixt  to  it,  but  alfo  the  lower  toothed  Wheel  is  required  to 
be  in  the  fame  Axis  ;  and  that  the  members, or  parts, of  the  En- 
gin  be  not  multiplied  in  vain,  they  commonly  fo  difpofe  the 
Mill-ftones,  that  the  Iron  Axis  that  fuftains  the  upper  Mill- 
ftone,  being  furniftr  with  a  place  to  turn,  or  run  in,  obtains, 
the  lower  place,  and  therefore  the  runner  as  near  as  may  be 
touches  lightly,  the  upper  part  of  the  neither  toothed  Wheel 
with  its  plane,  having  the  fame  Axis  with  the  outer  Wheel. 
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But  if  the  Mill-ftones  cannot  be  placed  in  a  plane  beneath  or 
above  that  which  turns  the  lower  toothed  Wheel,  but  o’nly 
a  little  beneath,  or  above,  the  Axis  of  the  fame  Wheel  •  be- 
caule  the  cuamfted  turning  joint  joining  verv  near  ro  the 
Mill-ftone,  and  fo  turning  the  Stone,  is  diftant  from  !he  too¬ 
thed  Wheel,  and  this  doth  not  fo  convenienly  admit  of  fuch 
long  Teeth  which  the  fame  turning,  joints,  or  the  little  rods  of 
the  runner,  are  able  to  mix  with  fitly ,  therefore  there  is  re¬ 
quired  another  Axis  perpendicular  to  the  Horizon  with  a  run¬ 
ner, and  a  fixe  Wheel,  which  /hall  turn  about  the  lower  Wheel 
of  this  Runner,  forcing  its  little  Rods  with  its  Teeth  •  for  the 
toothed  Wheel  parallel  to  the  Horizon,  being  fixt  to  'the  fame 

is  turn’d  about  together,' and  being  joined 
with  tne  runner  of  the  Mill-ftone  turns  it  round. 

Here  alfo  are  many  proportions  compounded,  the  firft  is 
the  proportion  of  the  Diameter  of  the  outer  Wheel,  to  the  Di¬ 
ameter  of  the  inner  Wheel  in  the  fame  Axis ;  moreover  the 
proportion  of  the  Diameter  of  the  Runner  of  the  Mill-ftone  ad¬ 
hering  to  the  Mill-ftone  turning  round  the  Diameter  (  whe¬ 
ther  the  whole  Diameter  be  allowed,  or  only  that  part  which 
ts  the  Diameter  of  the  Circle  in  the  rotation  of  the  Mill-ftone 
deferibed  horn  the  point  between  the  Centre  and  the  middle  of 
the  Periphery)  and  if,  as  in  the  fecond  cafe,  the  perpendicu¬ 
lar  Axis  muft  be  placed  between;  belides  in  the  Compofition,. 
comes  the  proprotiqn  of  tire  Diameter  of  the  runner  to  the 
Diameter  of  the  toothed  Wheel,  perpendicular  in  the  fame 
Axis;  from  whence  it  appears  to  be  better,  that  the  Diameter 
of  the  inner  Wheel  be  lefts  than  the  Diameter  of  the  outer- 
wheel,  that  the  force  of  the  Water  forcing  this  may  be  more 
tong;  but  alio  wemufttake  heed  that  we  do  not  make  ittoo 
little,  io  that  its  number  of  teeth  Icarce  exceed  the  number  of 
little  Rods  of  the  runner  adhering  to  the  Mill,  for  this  will 
cattle  it  to  move  too  flowly;  and  if  the  perpendicular  Axis  be  in 
the  middle,  fuppoling  this  equality  of  Teeth,  and  of  the  little 
Rods  of  the  runner,  one  turning  round  of  the  outer  Wheel 
will. only  once  turn  round  the  toothed  Wheel  parallel  to  the 
Horizon,,  and  therefore  in  the  fame  time  the  Mill  will  be  on¬ 
ly  lo  many  tunes  turn’d  about,  as  the  number  of  little  rods  of 

its  runner  is  contained  in  the  number  of  Teeth  of  the  toothed, 
wi  heel,  fixt  in  the  perpendicular  Axis* 

...  But 
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But  as  you  increafe  the  number  of  times  of  the  Mill's  turn¬ 
ing  round, rake  heed  that  the  difficulty  of  moving  in  like  manner 
be  not  increaft  more  than  needs  miifi  •  to  wit,  if  the  Diameter 
of  the  runner  in  the  perpendicular  Axis  be  excelHvely  lefs  than 
the  Diameter  of  the  Toothed  wheel  in  the  fame  Axis ;  if  fo  be, 
a  power  applied  in  the  runner  will  be  moved  much  Cower 
than  a  weight  applied  at  the  end  of  the  wheel  with  Teeth, 
and  therefore  the  difficulty  of  moving  increafed  :  Wherefore 
all  things  muft  be  wifely  adminiftred,  that  neither  the  force  of 
the  moving  power  be  tired  in  vain,  nor  the  Mill  be  moved 
i lower  or  fwifter  than  need  is. 

But  if  it  pleafe  not,  or  the  difpofition  of  the  place  permit 
not  the  middle  Axis  to  ftand  perpendicular,  but  it  happens 
more  conveniently  to  be  parallel  to  the  Horizon,  then  the  Teeth 
of  the  inner  wheel  having  the  fame  Axis  with  the  outer  wheel 
muft  not  be  fixt  in  the  plane,  but  require  to  be  faftned  in  the 
excream  Periphery,  that  they  may  turn  the  runner  of  the  fu- 
perior  Axis,  (  whether  greater  or  leffer,  according  as  is  needful) 
and  with  it  the  wheel  that  is  Toothed,  not  in  the  Periphery, 
but  in  the  Plane,  from  which  the  runner  of  the  Mill  is 
turned. 

Neither  otherwife  than  before,  is  the  proportion  of  force 
compounded,  to  wit,  of  the  proportions  of  Tympanes  or 
Water-mill  wheels,  or  Crane  wheels,  which  have  a  common 
Axis,  as  appears  from  what  hath  been  faid.. 

Hence  we  obferve,  becaufe  the  moving  power  is  Water, 
that  the  form  of  a  wheel  receiving  Water  is  not  to  be  always 
the  fame  ;  for  chofe  wheels  which  are  placed  in  a  running 
Water  would  be  inconvenient  if  they  have  a  very  large  Diame¬ 
ter  ;  or  if  but  a  little  Water  falling, the  Impetus  or  force  will  be 
repelled,  if  the  little  hands  be  prepared  to  final!.  Therefore 
wheels  of  this  kind  fhould  have  indifferent  Diameters,  but  the 
little  hands  poflefs  a  very  confiderable  part  of  the  Axis,  being 
dilplaid  very  nigh  the  length  of  the  Axis,  that  fo  by  much 
Water  running  into  them  they  turn  round  with  a  Wronger 
force  ;  fo  in  the  River  Pee  in  Italy ,  commonly  the  length  of 
this  wheel  is  15  Feet,  the  whole  Diameter  9  Feet  5  the  Dia¬ 
meter  of  the  neither  Stone  is  cS  Feet  3  Inches,  having  10S 
Teeth,  fixed  in  the  plane,  and  the  runner  of  the  Mill  is  di- 
fiinguifhedinto  9  Spindles ;  and  the  Stone  of  the  Mill  in  thick- 
11  Ts  6  or  7  Inches,  and  its  Diameter  3  Feet  9  Inches:  But 

becaufe 
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becaufe  the  motion  of  Water  tilling  from  on  high  is  greater 
than  of  a  running  Water ,  therefore  the  Diameters  of  die 
wheels  ought  to  be  larger  if  there  be  need,  and  k  foffices  if  the 
breadth  of  the  little  hands  be  very  indifferent,  as  being  in¬ 
cluded  in  a  Channel  or  Pipe,  by  which  the  Water  fallinn  de¬ 
cays,  or  is  loft  :  That  is  today,  a  little  Water  falling  from  a 
Plane  more  elevated,  hath  greater  force  than  from  a  Pi  me  al- 
moft  Horizontal ;  and  befides  a  wheel  of  a  larger  Diameter  is 
eafier  turned  although  from  le fs  water,  for  it  hath  greater 
proportion  to  the  inner  wheel  from  the  other  pairs.  ""More¬ 
over  the  little  hands  commonly  are  plain,  or  but  little  bent, 
fo  that  the  water  may  run  abroad  here  and  there  •  neverthe- 
kfs  fometimes  they  are  concluded  on  each  part  with  a  ledge, 
or  welt,  as  it  were  a  little  Veflel  containing  water  for  fametime, 
fo  that  the  weight  of  the  included  water  helps  the  turning,  by 
prefling  downwards  ;  Moreover  in  an  inclined  channel,  the 
force  of  the  water  is  greater  in  the  lower  part  than  in  the 
upper  near  the  beginning  of  the  fall ,  to  wir,  becaufe  water 
naturally  defending  hath  an  accelerated  motion,  and. acquire? 
an  impetus  from  the  defen t  of  the  antecedent. 

Hitherto  we  have  confidered  of  Mills  which  are  drove  by 
the  force  of  water,  adding  nothing  concerning  thofe  which 
are  turned  by  Men, or  by  living  Creatures,  for  thefe  have  no¬ 
thing  peculiar,  befides  that  the  Axis  of  the  fir  ft  wheel  which 
procures  the  motion  of  the  reft  of  the  confequent  parts,  is  , 
perpendicular  to  the  Horizon ,  becaufe  a  power  moves  eafier  in 
in- .Horizontal  plane,  than  in  a  vertical  wheel,  or  Tympane, 
which  is  trod  or  trampled  on  •  and  inftead  of  the  outer  wheel 
driven  by  the  water,  a  Bar  is  fixt  to  the  Axis,  which  they  ei¬ 
ther  draw  by  Cattle,  or  work  with  Men. 

Notwithftanding  we  will  fay  fomewhat  of  Mills  which 
are  wrought  by  the  Wind,  whether  they  be  for  grinding  of 
Corn,  or  bruifing  of  Fruit,  or  whether  they  be  for  working 
of  Pumps,  whereby  waters  are  drawn  from  low  grounds  that  c 
are  overflowed :  For  that  which  belongs  to  the  inner  artifice 
of  wheels  and  runners,  are  like  thofe  which  are  found  in  our 
Mills  moved  by  the  force  of  water,  unlefs  that  in  thofe,  that 
being  remote  from  a  level  plane  ( if  fo  be  a  fit  place  be  grant¬ 
ed,  and  the  wind  caught  by  a  large  van)  they  afend  by  a 
pair  of  Stairs,  and  the  Corn,  or  Fruit,  is  carried  into  the  upper 
place  which  they  intend  to  grind,  bruife  or  break,  and  the 
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Flower  Is  transferred  from  thence :  which  labour  the  Miller 
may  be  eafed  of,  if  by  the  fame  labour  whereby  the  wind 
turns  the  prime  Axis  with  its  wheels  3  Sacks  full  of  Wheat, or 
Flower, may  be  taken  up, or  let  down,  with  a  Rope  drawn  a- 
bout  the  Axis,  being  lapt  up,  or  unfolded  :  That  which  is 
chiefly  to  beconfidered  in  this  kind  of  Millsds  that  which  per¬ 
tains  to  the  Vans,or  Sails,  which  receive  the  wind,  for  even  as 
the  plane  of  the  wheel  is  not  diredied  according  to  the  running 
of  the  water,  fo  neither  have  the  Sails  fitch  a  difpofure  that 
they  follow  the  leading  of  the  wind  :  But  the  upper  part  of 
the  little  Houfe  wherein  the  Axis  with  the  Toothed  wheel  is 
Contained,  is  turned  about  until  the  Vans,  or  Sails,  are  fet  a~ 
gainft  the  blowing  of  the  wind. 

And  the  Vans  or  Sails  are  as  it  were  4  Ladders  conjoined  at 
right  Angles  in  the  end  of  the  prime  Axis,  each  w  hereof  is 
covered  over  with  Linen  Gioath  to  refill  the  wind,  which  if  it 
be  pretty  ftrong,  the  folded  part  of  the  Gioath  will  admit  of 
feme  paffage  to  the  wind  3  notwithftanding  thefe  Vans  or 
Sails,  are  not  fo  equally  placed,  as  to  be  in  one  and  the  fame 
vertical  plane,  but  the  plane  of  each  Sail  is  placed  oblique  to 
the  other  fide,  withdrawing  it  felf  by  little  and  little  from  the 
wind  j  whence  it  makes  the  wind  running  between  the  inter¬ 
vals  of  the  four  Sails  to  repel  on  the  fides,  and  as  it  were  to 
finite  the  Sails  by  an  Elbow,  and  fo  the  Axis  is  turned  accord¬ 
ing  to  the  Inclination  of  the  Sails  3  for  if  there  were  no  obliquity 
of  the  Sails,  and  all  as  it  were  made  one  plane  in  which  the 
Axis  would  be  perpendicular,  it  would  be  uncertain  in  which 
part  the  turning  would  be  3  that  which  belongs  to  the  breadth 
or  length  of  thefe  kind  of  Sails  obliquely  placed,  *tis  not  doubt¬ 
ed  but  that  the  breadth  of  them  helps  the  motion  very  much, 
becaufe  being  placed  in  the  fame  obliquity ,  a  greater  part  of 
the  Air  runs  into  a  larger  than  a  narrower  Cloth  3  and  in  a 
very  ftrong  Wind,  le aft  the  velocityof  theEngin  be  over  much, 
we  find  fometimes  that  covering  half  the  Sails  with  Cloth 
will  do ,  but  whether  or  no  ’tis  worth  while  to  encreafe  the 
length  of  them,  is  uncertain:  For  although  a  power  more  di- 
ifant  from  the  centre  of  motion  hath  more  force,  n  or  with  ft  an  d- 
ing,  becaufe  the  ends  of  long  Sails  are  very  much  diftant  be¬ 
tween  themfelves,  the  wind  having  obtain’d  a  larger  ipace, 
hath  Jefs  force 3  as  alfo  water  flows fwifter,  ant!  with  a  greater 
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endeavour  through  a  fmall  narrow  place,  than  it  runsthrough 
a  wide  open  Channel ;  therefore  I  dare  not  intirely  define  in 
rhefe  kind  of  Sails,  in  what  place  the  forces  of  the  moving 
power  ffiould  be  placed,  as  it  were  in  the  'Centre  of  vertue,  or 
force  j  for  near  the  Axis  to  which  they  are  faftned,  the  di¬ 
ftance  is  fmall,  and  the  Wind  as  it  were  their  object  being 
flopped,  blows  more  fwiftly  :  And  further  from  the  Axis  in  a 
greater  fpace,  it  Hides  away  more  eafily,  and  lefs  incites  the 
courfe  of  the  Sails ;  but  -for  as  much  as  we  muft  not  rafhly 
appoint  the  compreffion  of  the  wind  altogether  to  anfwer  the 
changeable  -diftances  of  the  Sails,  which  are  in  the  fame  pro- 
proportion  as  their  diftance  from  the  Axis ;  neither  can  it  ea- 
lily  be  affirmed,  that  the  force  of  the  Wind  by  compreffion 
doth  decreafe  in  the  fame  proportion,  whereby  the  fame  mo¬ 
tion  increafes  by  the  diftance  from  the  Axis,  from  whence  there 
would  be  a  compound  motion  of  the  diftance  from  the  Axis, 
and  of  the  force  of  compreffion  to  be  equally  diffufed  through 
the  whole  length  of  the  Sail  or  Vane,  and  therefore  the  centre 
of  the  moving  force  would  be  in  the  middle  of  the  length. 
Neverthelefs  all  things  rightly  conftdered,  I  efteem  the  centre 
of  this  force  to  which  the  power  is  underftood  to  be  applied, 
to  be  nor  far  from  the  middle  of  the  length  of  the  Vane  or  Sail, 
unlefs  by  chance  the  Vanes  ffiould  be  fuch,  that  their  breadth 
be  increaft  by  departing,  or  being  placed  further  from  the 
Axis,  for  fo  the  diftance  being  leflened  in  the  ends  of  the  Sails, 
the  compreffion  of  the  wind  is  iikewife  increaft. 

But  if  you  imagine  any  inconvenience  to  happen,  by  the 
Poles  lying  upon  the  little  Houfe,  and  its  being  turned  f>,  as 
the  fails  to  be  again  the  wind  which  they  receive  ;  you  may 
on  the  top  of  the  Houfe  in  an  open  place  expofed  to  all  Winds, 
place  an  Axis  of  fufficient  ftrength  perpendicular  to  the  Hori¬ 
zon,  about  which  you  muft  place  the  toothed  Wheel  pa¬ 
rallel  to  the  Horizon,  from  whofe  turning  about,  the  Mill  at 
laft  is  turned ;  and  the  breadth  of  the  fails  according  to  the 
length  of  the  Axis,  muft  be  placed  in  the  fame  upper  part  with¬ 
out  the  Roof,  that  the  Wind  blowing,  they  may  receive  the 
force  of  it  3  even  as  Water  flowing,  the  force  is  received  by 
the  little  hands  of  the  Wheels.  But  becaufe  plain  even  fails, 
feem  lefs  apt  to  continue  the  rotation,  lince  thole  which  are 
oppolite  to  the  Diameter,  are  at  laft  equally  expofed  to  the 
force  of  the  Wind,  and  would  be  forced  neither  to  the  right 
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hand  rather  than  to  the  left,  and  therefore  the  turning  round 
would  ceafe ;  therefore  the  fails  thould  be  made  a  little  crooJc- 
ed,  or  bowing,  for  by  this  reafon  they  will  be  made  fo  that 
the  oppofits  will  be  unequally  preft  on,  and  the  Wind  will  at¬ 
tack  with  unequal  force  the  convex  face  of  the  right,  but  the 
hollow  face  of  the  left  Sail,  to  wit,  it  doth  as  it  were  remove 
a  lelfto  the  Wind,  neither  istheend  of  its  motion  very  much 
oppoled,  according  to  the  bowed  direction  of  the  Wind  •  and 
I  make  this  hollowing  fo  bending  every  way,  that  receiving 
the  Wind,  it  receives  its  whole  force:  Moreover  the  particles 
or  Wind  incurring  in  the  two  Sails  that  are  next  each  other 
are  reflected  from  the  convex  of  one  face  to  the  hollow  of  the 
othei  face,  and.  increafes  the  force,  or  irapulfion  :  but  if 
you  pleafe  not  to  have  four,  but  five  Sails,  left  at  anytime 
two  be  oppofed  by  the  Diameter,  I  ftall  hot  deny  it.  Cer¬ 
tain  it  is,  that  the  length  and  breadth  ofthefe  kind  of  Sails 
help  very  much  for  the  larger  they  are,  the  more  wind  they 
receive,  and  the  longer  they  are,  the  further  they  be  from  the 
centre  of  motion,  and  have  more  force :  But  how  the  Machine 
or  Engm/muft  be  ftopr  or  flayed  by  folding  or  urifoldmv  the 
covering  of  Cloth,  that  it  do  not  work  when  the  Miller  would 
nave  it  ftand  ft  ill,  l  Hull  not  here  difpute,  where  we  are  only 
coofidenng  the  force  of  moving;  neither  doth  the  foie  ufe  of 
mis  Mill  confift  in  grinding  of  Wheat, or  other  Grain,  but  allb 
m  railing  and  turning  waters  another  way,  that  marftes  may 
be  drained,  and  other  things  of  the  fame  kind,  which  prefem 
oody  always  moving,  they  are  not  tyed  to  a  certain  time  e~ 
ven  as  in  the  work  of  grinding,  which  is  not  always  ufed  ’ 
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APully  is  an  Engin  confifting  of  one  or  more  little  wheels 
turning  eafily  about  their  Axis,  in  which  a  Rope  being 
drawn  about  the  wheel,  we  draw,  or  raife  a  weighty  there  is 
n,o  need  of  a  larger  Definition,  fince  almoft  every  one  knows, 
and  hath  feen  this  kind  of  Engin,  although  there  are  very  few 
that  underftand  their  force  rightly,  or  wherefore  they  are  u- 
fed  j  and  fometimes  his  wont  to  be  ufed  with  one  wheel  only, 
and  then  his  called  Monofpaftos ,  or  of  a  double  wheel,  and  is 
called  Diffafiosy  or  his  trebly  multiplied,  and  is  called  Polys- 
•paftos. 


PROVO  S.  L 

A  Thorem. 

A  Single  immovable  Fully  neither  adds  nor  dime- 

tiijhes  Force. 

Fig.  69.  T  Et  there  be  a  Angle  immoveable  Fully  A  B,  fo 
JLj  that  the  wheel  only  is  turn’d  about  its  Axis,  and 
let  the  (hatch  block  be  immovable,  I  fay,  that  Fully  will  not 

M  z  en~ 
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encreafe  the  force  of  the  Power,  properly  fpeaking,  fo  that  the 
whole  advantage  which  accrues  from  fuch  an  Engin,  is,  that 
the  Rope  be  not  worn,  and  that  difficulty  ffiun’d  which  arifes 
not  exactly  from  the  weight,  but  from  the  wearing  of  the 
Rope. 

The  Demonfiratlon.  An  Engin  then  helps  not  the  Power, 
when  the  motion  of  the  Power  and  of  the  weight  is  equal y 
but  in  the  cafe  propofed,the  motion  of  the  weight, and  the  mo¬ 
tion  of  the  power  are  equal,  which  I  thus  make  appear:  Firft, 
under  fend  the  weight  in  D,  and  the  power  in  E,  draw  the 
Rope,  and  the  power  drawing  the  end  of  the  Rope  defeends 
in  the  point  G,  and  in  the  mean  while  the  weight  D  afeends 
in  H,  becaufe  in  both  fites  or  portions  the  length  of  the  Rope 
is  not  changed,  DAE  will  be  equal  to  the  Rope  HAG,  and 
by  fubftrafting  the  common  fegment  H  A  E,  there  remains 
the  lines  D  H,  E  G  equal ;  but  E  G  is  the  motion  of  the  pow¬ 
er,  H  D  the  motion  of  the  weight ;  therefore  the  motion  of 
the  weight  and  of  the  power  are  equal,  wherefore  the  weight 
is  neither  increaft  nor  diminiflit,  and  the  power  hath  the  fame 
force  only,  becaufe  if  by  it  felf  (  no  Engin  intervening  )  it  be 
joined  to  the  weight,  it  moves  fo  much  as  the  weight;  there-, 
fore  the  force  is  increaied  nothing  by  this,  Engin;  which  was 
to  he  demonftrated, 

£'iwi  mmm mmm wacp  r.n  n  i— Mp— — p  f  i  ft  "■  aa— — '  up  ■■  -a  nifffiitf— n  i  i~»  rmw  i  in  i  i  . 


PROP  OS.  II. 

A  Theorem. 

A' Power  is  eafily  applied  by  a  jingle  immovable  Fully, 

LEt  there  be  two  Powers ;  fuppofe  Men, railing  equal  weights, 
and  let  one  ufe  a  Pully,  and  the  other  no  fuch  Initru- 
ment,  I  fay,  the  iirft  can  ealier  apply  his  force  or  ftrength  to 
fuch  weight,  than  the  fecond ;  for  either  the  weight  will  be 
placed  beneath  the  Man,  or  above:  If  the  firft,  the  endeavour 
will  be  fo,  that  the  tra&ive  force  of  the  Man  in  fuch  cafe  will 
be  pofited  in  this;  that  the  Man  will  be  a  little  bent,  the  force 
of  the  Nerves  will  endeavour  to  reftore  themfdves  to  their 

wonted 
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wonted  re&itude,  or  to  hinder  fuch  bending  or  crookednefs ; 
therefore  when  a  weight  is  taken  up  in  this  manner,  oft-times 
the  endeavour  is  in  the  knees  and  the  whole  Body  3  or  the 
weight  to  be  raifed  is  placed  in  an  upper  place,  and  then  in 
like  manner  we  muft  have  recourfe  to  the  force  of  the  Nerves, 
but  when  we  ufe  a  Pully  hung  in  an  upper  place,  we  may  ap¬ 
ply  the  weight  of  our  body,  belides  this  kind  of  force  of  the 
Nerves,  and  oft-times  without  any  endeavour  of  the  Nerves, 
therefore  his  nor  fo  rroublefome. 

ri  ‘  -  ■■  ■  —  ■  .  — - -  -  1  —  _T f-  -  I  „  _  — ir  1 —  TIT  r-1  ■  - -  --1-  1  in 
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P  ROP  OS.  III. 

A  Theorem. 

Large  Bullies  are  mojl  ufefuL 

Fig..  71.  A  Lthough  as  I  have  /hewn  in  the  firft  Propofition, 

that  one  Pully  whofe  Snatch-block  is  immova¬ 
ble,  neither  increafes  nor  diminilhes  the  force  of  the  power  3 
neverthelefs  we  have  faid  alfo,  it  adds  to  the  facility,  becaufe 
that  it  faves  the  wearing,  or  rubbing  of  the  Rope,  but  there  is, 
found  feme,  although  but  little  refinance,  in  the  Axis  of 
the  Pully,  which  ought  to  be  turn’d  about  5  I  fay,  this  difficul¬ 
ty  will  be  ldfened,  by  how  much  the  Orb  of  the  Pully  is  grea¬ 
ter,  for  than  the  Semidiameter  of  the  Fully,  or  Rundle,  is  as, 
it  were  a  Leaver,  and  the  Semidiameter  of  the  Axis  as  ic  were 
a  Cylinder  in  a  wheel,  or  P eritrcchio ]  and  by  how  much  greater 
the  proportion  of  the  handle  is  to  the  Cylinder ,  fo  much  the 
eafier  is  the  motion  •  as  becaufe  there  is  greater  proportion  of 
the  line  G  D,  to  the  radius  of  the  Axis,  than  of  the  line  G  B, 
the  refinance  is  ealier  overcome,  which  is  made  in  the  circum¬ 
ference  of  the  Axis,  while  the  Pully  is  turned  about  it* 

There  is  alfo  another  convenienCy  in  large  Pullies,  to  wltr 
that  the  Rope  is  not  fo  often  folded,  and  confequemly  not  fa* 
much  rubbed,  or  warn  y  but  I  fuppofe  alwaies  Pullys  to  be* 
moveable  about  their  Axes,  for  if  they  fhould  not,  we.  muft 
reafpn  othcrvvifc 
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P  POPO  T  w\ 

A  Theorem* 

J  Mm  may  take,  up  a  Weight  heavier  than  himfelf 

with  a  jingle  immovable  Bully . 

THis  Queftion  hath  been  put  to  me  more  than  once,  whe¬ 
ther  or  no  a  Man  can  take  up,  orraiie  a  weight  heavier 
than  himfelf,  with  a  (ingle  immovable  Fully  (  \  always  under- 
Hand  the  Snatch-block  immovable )  or  whether  a  man  that 
weighs  15:0  pounds,  can  raife  a  weight  of  200  pounds?  But  l 
devide  the  cafe,  to  vug  either  a  man  fo  fingly  Hands,  that  the 
force  of  his  weight,  or  gravity,  only  infills  on  the  Pavement 
or  his  Knees,  and  his  whole  body  fo  indeavours,  that  the  force 
of  this  endeavour  adhears  to  fome  other  Body)  if  this  fecond 
happen,  a  man  may  elevate  a  weight  heavier  than  himfelf] 
to  wit,  becaufe,  befides  the  weight  of  the  man  which  may  be 
all  apply ed,  there  may  be  alfo  a  contrary  endeavour  from  the 
rffiftance  of  the  Nerves,  fo  that  while  I  would  take  up  one, 
with  the  Fully  I  take  up  more  j  fome  Knees  endeavour  fo,  that 
they  cleave  to  Benches,  or  Formes,  and  lift  up  the  Benches  to- 
gethei  with  them,  whence  from  fuch  endeavour  an  union  is 
made  of  the  Benches  with  the  Man  3  that  I  may  better  explain 
my  felf,  fuppofe  a  man  has  50  pound  weight  upon  his  Feet 
and  both  his  hands  to  lay  hold  on  a  Rope  failned  in  an  upper 
place,  if  the  weight  on  the  other  part  be  very  great,  the  mar 
may  by  hanging  on  the  Rope  lift  up  his  Feet,  and  elevate  or 
laife  the  weignr  or  pounds,  in  which  cafe,  belides  a  weight 
equal  to  himlelg  he  may  elevate  50  pounds. 

but  if  he  hngly  Hands  on  the  Ground,  experience  teaches 
us  that  he  will  only  elevate  iyo  pounds. 

hm  we  muH  argue  otherwife  in  drawing  of  weight  infilling 
on  the  ground,  or  on  an  inclined  plane,  for  iince  weight  doth 
not  precifely  refill  an  Hcrh&omal  motion,  a  certain  rule  can 
fcarce  be  made  ;  for  it  depends  on  the  evennefs  of  the  body 
on  which  the  weight  Hands,  or  lies. 
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PRO  VOS. 


A  Theorem. 


Many  immovable  Pullys  neither  increase  nor  dimimjh 

the  force  of  a  Power. 


Fig.  yi.Y  Et  the  feveral  Pullys  be  EFG,  whofe  Snatch- 
jLj  blocks  are  immovable 3  I  fay,  although  we  ufe 
them  altogether,  the  force  of  the  power  is  neither  augmented 
nor  diminiilit:  For  let  the  power  be  in  A,  and  the  weight  in 
C,  draw  the  Rope  in  B,  and  the  weight  afeends  in  D. 

The  Demonftrat.cn,  Forces  of  Powers  are  neither  diminjfht 
nor  increafed  by  an  Engin,  when  the  motion  of  the  power  is 
tfqual  to  the  nlotron  oi  rhe  weighs  but  in  this  cafe  it  thus 
happens  3  for  when  the  Rope  A  E  F  G  C,  is  the  fame  by  fup- 
pofition,  as  the  Rope  B  E  F  G  D,  they  will  be  equal,  and  the 
common  fegmenr  A  E  F  G  D  being  taken  away,  there  remains 
D  C  equal  to  A  B  3  bur  A  B  is  the  motion  of  the  power,  and 
DC  the  motion  of  the  weight,  therefore  the  motion  of  the 
power,  and  of  the  weight  are  equal,  and  therefore  the  forces 
of  the  power  are  neither  increaft  nor  decreaft,  which  was  to 
be  demonftrated. 


PROPQS.  VL 

A  Theorem. 


A  Weight  hung  to  a  movable  Pullv  its  half  fart  t. 


Fig.  73-T  Ft  the  Fully  be  A,  and  its  Snatch-block  movable, 
JLv  and  a  weight  hung  to  it,  and  the  power  in  D  j  I 

Fay,  tne  weight  will  be  lefiened  an  hair  part,  Inppofe  the  pow¬ 
er  labefo  moved,  that  the  Fully  A  afeend  to  E-  ”  *  Tb*. 
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The  D enumeration.  That  the  Fully  A  be  placed  in  E,  the 
power  ought  to  be  moved  as  much  as  the  length  of  the  Chords 
CF,  GD,  for  from  the  point  C  to  D,  is  the  fame  diflance  as 
between  F  and  G  ,  but  C  F,  G  D  taken  together,  are  double 
the  fpace  A  E,  to  which  the  motion  of  the  weight  B  is  equal 
as  appears,  therefore  the  motion  of  the  power  is  double  the 
motion  of  the  weight ;  but  '(  by  the  firft  principle  of  Mecha*- 
nicks  )  as  often  as  the  motion  of  the  power  is  double  the  mo¬ 
tion  of  the  weight,  the  whole  force  of  the  power  is  doubled  5 
therefore  in  our  cafe  the  force  of  the  power  is  doubled  in  or¬ 
der  to  fuch  weight,  or  which  is  the  lame,  the  weight  is  di- 
minifht  an  half  part,  which  was  to  be  demonftrated. 

But  if  in  Head  of  the  Hook  C,  there  be  added  one  power 
which  fhall  be  equally  moved  with  the  power  D,  we  fhaM 
find  by  tryal  only  an  half  part  of  the  weight,  in  the  fame 
manner  as  if  they  bore  two  weights  equally  diftanf,  hung  to  a 
Beam  or  Leaver. 


P  R  O  P  a  S.  VIL 
A  Theorem. 

A  Power  applied  to  a  moveable  Pully5  diMiniJbes  an 
half  part 5  in  refpetl  ef  a  Weight  hung  on  one  end  of 
a  Rope . 

Fig.  74.TF  in  Head  of  -the  weight  B  being  hung,  a  power  be 
1  applied  to  the  lame  Fully,  and  the  weight  hung  to 
the  Rope  D,  I  lay,  the  force  of  the  Power  is  diminilht  an  half 
part. 

The  Dem  on  dr  at  ion.  As  I  fhewed  before,  the  motion  or  the 
weight  will  be  double  the  motion  of  the  power,  and  there¬ 
fore  (  by  the  firft  principle  of  Mechanicks )  the  forces  of  the 
power  are  leftned,  and  the  forces  of  the  weight  increafed  j 
which  may  like  wife  be  faid  of  two  weights,  to.  wit,  as  when 
the  weight  B  of  100  pounds  is  made  in  equilibria  in  the  point  D, 
or  which  way  foever  the  RopeG  D  Hi  a  11  require  50  pounds, 
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Corollary. 


Hence  it  follows, that  an  immovable  Pulley  is  a  Leaver  of  the 
firft  kind,  of  equal  Armes,  and  a  movable  one  is  a  Leaver  of 
the  fecond  kind,  or  in  like  manner  of  the  third  kind,  of  equal 
Armes. 


p  r  o  p  o  s.  VIII. 

A  Theorem. 

If  to  move  he  Wheels  of  a  Duf  or  Clocks  fur  i  2  Hours , 
there  he  required  a  -weight  of  5  o  pounds ,  the 


THis  propofition  which  may  eafily  be  deduced  by  the  Corol¬ 
lary  of  the  precedent  proportion,  becaufe  of  the  com¬ 
mon  nefs  of  its  ufe,  may  be  propofed  in  this  manner  ;  fuppofea 
common  Clock  that  requires  a  weight  of  50  pounds  to  keep  it 
in  motion,  and  fuppofe  the  place  where  the  weight  defeends  to 
be  zo  foot  only,  and  this  defcent  ferves  for  11  hours  ;  and  we 
would,  keeping  the  fame  defcent,  have  a  weight  to  ferve  tor 
14  hours,  I  defire  the  magnitude  of  the  weight ;  I  fay,  the 
weight  required  mult  be  100  pounds. 

The  Demon.  Suppofethe  motion  of  the  Clock  and  its  refiftance, 
to  be  after  the  manner  of  the  motion  of  the  other  weigh  t,  ’tis 
certain  by  the  fuppofition  that  the  refinance  of  the  Clock  for  1  z 
hours,  islefsthan  of  a  weight  of  50  pounds  being  movable 
10  feet  5  but  the  motion  of  the  Clock  for  14  hours  is  double  of 
that  which  is  made  in  1 1  hours,  and  in  like  manner  a  weight 
of  100  pounds  as  movable  20  feet,  is  double  of  a  weight  of 
50  pounds  that  moves  the  fame  fpace,  therefore  the  motion  of 
the  Clock  for  24  hours  will  be  Ids  than  a  weight  of  100  pounds 
moving  20  feet,  and  will  be  exceeded  by  the  fame  excefs. 


N 


And 
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And  the  way  to  fit  that  weight  is  ealie,  for  if  it  be  required 
precifely  to  move  in  a  time  double  to  that  wherein  it  did 
move,  it  may  be  done  with  no  charge  by  help  of  a  Pulley,  in 
that  manner  as  h  /hewn  in  the  7th  Propofition,  *viz»  If  the 
Rope  be  faftned  /irmly  at  one  end,  and  the  other  end  |oin 
clofe  to  the  Cylinder  of  the  Clock. 

But  if  another  lefs  proportion  be  required,  to  wit,  as  2  to 
or  as  3  to  4,  the  Diameter  of  the  Cylinder  on  which  the  Rope 
goes  about  in  the  Clock  muff  be  leffened,  according  to  the 
proportion  given  reciprocally,  that  is,  if  for  example  it  be  re¬ 
quired,  that  the  weight  of  the  Clock  ffiould  move  18  hours, 
when  before  it  moved  only  12  hours,  the  Cylinder  mull  be 
leffened  according  to  f  part  of  its  Diameter  3  but  if  there  be 
required  a  quadruple  proportion,  two  movable  Pulleys  muff 
bemadeufeof.  Laflly,  If  a  proportion  much  greater  be  re¬ 
quired,  add  one  Wheel  to  the  Clock. 


Pi?  OP  OS.  IX* 

A  Theorem. 

In  DifpaftO-)  or  two  Pulleys  y  if  the  cord  of  a  mow  able 
Pulley  he  only  turned  about  the  Wheel \  and  is  not 
*  fiftned  to  its  Snatch-bloc^  or  weighty  but  to  the 
immovable  pint 5  the  pwer  will  be  only  doubled 
which  draws  by  the  other  end l 

75-  l>hcaufe  ltlerc  are  man7  ways  which  Ropes  may 
jD  be  put  about  Pulleys,  from  whence  follow 
ral  augmentations  of  a  power  3  I  will  undertake  to  explain 
this  in  the  fir#  place,  to  wit,  if  one  end  of  the  Rope  A  D  C  E  be 
faftned  in  the  immovable  point  A,  or  to  any  other  point,  as 
the  point  B,  and  be  turn’d  about  the  Pulley  Dy  then  abounhe 
Pulley  C,  and  be  drawn  by  the  end  E  3  I  fay,  the  force  of  the 
power  placed  in  E,  withrefpefl:  to  the  weight  hanging  at  D 
is  doubled.  &  5 

The  Demonstration,  The  point  E  is  equally  moved  with  the 

point 
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point  F  (by  the  firft  of  this)  but  the  point  F  is  moved  with  a 
double  velocity  to  the  weight  hung  in  D,  (by  the  j)  therefore 
the  point  Eis  moved  doubly  fwifter  than  the  weight  D ;  but 
E  is  the  place  of  the  power  ,  therefore  the  power  is  moved 
'doubly  fwifter  than  the  weight,  and  (by  the  firfi  principle  of 
Mechanicks)  the  force  of  the  power  E  is  doubled  :  Which 
was  to  be  fhewn. 

Secondly,  Let  the  end  E  be  firmly  fixt,  or  unmovable  in  the 
point  E,  and  draw  the  Rope  upward  from  the  power  placed 
in  the  point  A  ;  I  fay,  in  like  manner  the  force  of  the  power 
is  doubled,  and  the  Pulley  C  is  ufelefs. 

The  Demon  (Iration.  When  the  Segment  of  the  Rope  E  C  F 
in  this  cafe  is  immovable,  it  will  be  the  fame  as  if  the  Rope 
were  faftned  in  the  point  F,  and  one  Pulley  ufed  only,  but 
(by  the  6th  of  this)  one  Pulley  placed  in  this  manner,  doubles 
the  force  of  the  power,  therefore  alfo  in  this  cafe,  the  forces 
ofthe  power  are  doubled  :  W7hich  was  to  he  fhewn. 

Corollary. 

* 

Hence  ir  follows,  that  if  the  power  be  D,  and  the  weight  in 
E,  the  end  of  the  Rope  fixt  in  the  point  A  ;  I  fay,  that  in 
this  cafe,  when  the  motion  of  the  weight  is  doubled,  the 
force  of  the  power  is  lelfened. 


V  R  OV  OS.  X. 
A  Theorem. 


In  Difpafto,  or  Wo  Pulleys ,  if  the  end  of  the  \\ope 
be  faflened  to  the  movable  1 'Snatch-bloc 4,  and  the 
rove  be  turned  about  the  fame  wheel  j  the  power  will 
tripled ,  or  threefold . 


75- 


Et  the  end  of  the  rope  be  faftened  in  the  point  I 

_ _  of  the  movable  Snatch-block,  then  turn  it  about 

the  wheel  of  the  immovable  Snatch-block  B ;  and  again,  turn 

N  %  it 
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it  about  the  wheel  of  the  movable  Snatch-block  I,  and  let 
the  power  be  in  the  point  C,  drawing  the  rope  upwards.  I 
ay,  the  force  of  the  power  is  tripled. 

TkD;mm(tration.  Suppofe  the  power  C  fo  to  be  moved, 
that  the  Pulley  I,  touch  the  Pulley  B ;  In  this  cafe  there  is  left 
only  fo  much  of  the  rope  as  is  required  to  compafs  both  the 
wheels,  to  wit,  as  much  as  the  portion  F  B  E,  and  G  H  I, 
and  the  motion  of  the  drawing  power  from  C  is  equal  to  the' 
reft  of  the  rope,  or  to  the  parts  A  E,  F  G,  HC;  but  thofe 
parts  taken  together,  are  triple  the  motion  of  the  weight,  to- 
wit,  the  line  I  E,  therefore  the  motion  of  the  power  is  triple 
the  motion  of  the  weight,  therefore  the  forces  of  the  nower 
are  tripled  :  Which  was  to  be  fhewn.  ^ 


PROP  OS.  XL 
A  Theorem. 

In  Tripafto,  or  three  Pulley  s.  If  two  Pulleys  are 
immovable  *,  and  one  only  mo'Vable^  the  power  is 
tripled. 


76-  f  Et  there  be  three  Pulleys,  wherein  two  of  them 
X-j  A  and  B  are  immovable,  or  immovable  in  the 
Snatch- blocks,  and  let  the  rope  be  faftned  in  the  point  C  • 
then  turn  the  rope  about  each  wheel,  as  you  fee  in  the  fip-ure’ 
and  let  the  weight  be  and  the  power  in  E  :  I  /ay°  the 
power  is  tripled.  ' 


The  Demonfiration.  The  point  E  is,  not  more  moved  than  the 
point  F,  and  therefore  the  Pulley  B  is  only  ufed  for  convenien- 
cy  lake.  But  the  point  F  (by  the  roth  of  this)  is  moved  triply 
or  threefold  fwifter  than  the  weight  D,  therefore  in  this  difpo- 
niion  the  power  is  triplicated  •  which  was  to  be /hewn. 

Bat  the  end  of  the  rope  C  could  not  be  fallned  to  the  up- 

hav-^b^e i  ifTf  oc^exw^e  one  upper  Pulleys  would 
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p  ROPOS.  XII. 

A  Theorem. 

In  Trifpafto,  or  three  Pulleys,  two  of  them  hang 
movable  vi  the  Jheitch  blocks  epuudruphcutes  the 

power. 

jr;v  77.  jF  there  be  three  Pulleys,  wherein  the  two  lower 
J  J.  ones  A  B  are  moveable  5  I  fay,  the  Power  in  C 

in  this  cafe  is  Quadruplicated.  r 

The  Demonstration.  Underftand  the  power  Ctobe  io  moved 
in  drawing  the  Rope,  that  the  Snatch-block  A  B,  touch  the 
Snatch  block  E,  there  remains  about  the  Pullers  a  Segment 
of  the  Rope  equal  to  the  Segments  D  E  F,  I  B  K,  G  A  H  • 
the  reft  are  drawn  by  the  Power,  and  meafure  the  Motion  of 
the  Power  :  But  the  Segments  D  I,  LG,  F  H,  CK  are  qua¬ 
druple  the  fpace  L  G,  therefore  the  Motion  of  the  Power 
is  quadruple  j  which  was  to  be  fhevrn.  b 

Notwithftanding,  becaufe  this  kind  of  drawing  upwards  is. 
inconvenient  3  a  Pulley  fhould  be  added  in  the  Upper  Snatch- 
block,  and  then  its  force  will  be  quadrupled ,  for  the  Pulley 
ft  only  added  for  convenience 


T  ROT  OS. 


Mechanic!^  Powers * 


Book  IV, 


P  R  OP  O  S.  XIII. 

A  Theorem, 

If  the  Lower  Snatch-block  be  moveable- 5  W  the  Power 
draw  upwards j  the  Power  is  fo  many  times  multi¬ 
plied  as  are  the  drawing  of  the  Chords \ 

■%’  77-  T  ET  the  Snatch-block  A  B  be  movable,  and  the 
JLj  Power  C  draw  upwards  j  or  that  the  Propor¬ 
tion  may  be  more  Uni Verfal,  Jet  it  draw  againft  the  immove¬ 
able  Snatch-block,  then  the  Power  is  multiplied  fo  many  times, 
as  there  are  drawings  of  the  Chords,  becaufe  then  either  the 
end  of  the  Chord  being  faftned,  is  in  the  upper  place,  and  hew¬ 
ing  drawn,  the  pairs  will  be  doubly  more  than  the  lower 
Pulleys ;  but  the  lower  Pulleys  double  the  Power,  and  by  the 
demonft  ration,  if  there  be  one  below,  there  is  no  need  of  the 
upper  one,  as  is  fhewn  in  Prop.  6.  and  the  force  is  doubled  ac¬ 
cording  to  the  proportion  of  drawing.  If  there  be  two  below, 
and  one  above,  his  /hewn  in  the  precedent  Propofition,  that 
the  power  is  quadruplicated  ;  and  fo  of  the  reft. 


P  ROPO  S.  XIV . 

A  Theorem. 

if  the  lower  Snatch-block  be  movable y  and  the  power 
draw  downwards j  the  force  of  the  power  is  Jo  ma¬ 
ny  times  multiplied ?  as  there  are  drawing  of  the 
chords 5  one  lejs , 

f%-  75-  ’HP  I S  ftiewn  that  the  force  of  the  power  in  F 
JL  is  the  fame  as  in  E,  but  if  the  power  be  in  F, 

and 
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and  its  force  multiplied  according  to  the  number  of  drawings, 
to  wit,  triplicated,  and  in  E  there  be  added  one  drawing  of 
the  Chord  3  this  drawing  of  the  Chord,  which  is  added,  in- 
creafes  not  the  force,  therefore  ought  not  to  be  computed. 


PRO  VOS.  XV* 


the  lower  Snatch-block^  be  movable 0  and  the  rope  he 
jrajlned  to  the  mow  able  Snatch-block^  0  any  lower 
Pulley  ..doubles  the  power  0  and  renders  one  upper 
power  only  eopual  to  the  weight , 


LEt  there  be  any  number  of  Pulleys  in  which  the  Snatch-block 
of  the  lower  is  movable,  to  which  fallen  the  end  of  the 
Rope;  1  fay,  If  there  be  one  upper  Pulley,  the  power  is  equal  to  the 
weight  3  if  one  be  added  below  the  foice  of  the  power  is 
doubled, and  fo  the  power  will  be  triplicated>but  the  reft  of  the 
upper  ones  add  nothing,  that  is,  if  there  be  two  upper  ones, 
the  power  will  remain  nipple  of  it  felf,  if  another  be  addedi 
below,  it  will  be  quintuple,  and  fo  on,  which  are  all  demon- 
ft  rated,  particularly  in  the  foregoing  Proportions,* 


v 


.  s,  a. 


PKOPO  e.  XVI. 

if  the  lower  Snatch-block^  be  mo-'Vable.j  and  the  reps 
fifned  to  the  upper ,  as  many  Salleys  as  are  below 5,, 
fo  many  times  the  power  is  doubled-)  the  upper  .ones 
ferloe  only  for  con'vemency- 

IN  any  number  of  Pulleysin  which  the  Rope  is  Mned  to  an 
immovable  Snatch-block,  the  power  is  fomany  times  dou¬ 
bled, 
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bled,  as  there  is  lower  Pulleys,  or  in  a  movable  Snatch-block  : 
That  is,  if  only  one  be  in  the  movable  Snatch-block,  the 
force  of  the  power  is  doubled  •  if  two,  ’tis  quadrupled  ;  if 
three,  ’tis  equal  to  fix  powers,  and  fo  on,  fo  that  no  propor¬ 
tion  ought  to  be  had  of  the  upper  Pulleys,  or  of  their  being 
in  an  immovable  Snatch-block.  /  “ 

The  Demonfir ation.  ’Tis  Ihewn  in  Prop.  Vf.  that  ’tis  fo  in 
one  Pulley.  In  Prop.  IX.  ’tis  (hewn  to  be  fo  in  two  Pulleys, 
to  wit,  that  the  power  in  both  cafes  is  doubled.  In  Prop.  XII 
in  three,  or  more  Pulleys  ’tis  the  fame ;  the  like  proportion  may 
-be  demonftrated  in  others. 

Whatfo  ever  is  fhewn  concerning  the  railing  of  weight  up¬ 
wards,  is  to  be  underftood  of  any  other  motion,  whether 
Horizontal,  or  any  other,  to  which  weights  redds ,  aJfo  of  any 
refinance  that  we  undertake,  to  overcome  by  Pulleys. 

Alfo  as  we  compare  the  power  with  the  weight,  we  may 
In  like  manner  compare  two  weights  between  themfelves  • 
iikewife  if  you  place  the  power  in  the  place  of  the  weight, 
and  in  like  manner,  if  the  weight  obtain  the  place  of^the 
power,  the  weight  will  be  incread  with  refpefl  to  the  power, 
or  the  power  diminidit,  which  words  are  all  of  one  lignifica- 
lion  j  and  the  moving  power  may  obtain  the  place  or  the 
weight,  as  often  as  the  forces  are  abounding  •  but  a  mod  fwifc 
motion  is  pioduced  in  a  weight,  which  limply  from  a  power 
cannot  be  pioduced  without  an  Engin,  hecaufe  the  power 
cannot  move  it  felf  with  fo  much  velocity;  which  principle  is 
tone  underdood  in  all  Engins. 


P RO  PO  S.  XVI L 

■>  ■  <wU  L  ’’  \  * 

~  S  '  V  ;.,i  H  s- '  ■  ,  '  >  . 

To  difpofe  Vulleys  fo  that  according  to  the  number  of  the 
Vulleys the  power  may  always  be  increased  continu¬ 
ally  in  double  proportion # 

7 /T1He  increafe  of  power  by  Pulleys  hitherto  treated 
1  on,  feems  to  proceed  only  according  to  Arith¬ 
metical 
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metical  proportion,  fo  we  fhew  in  the  precedent  proportion* 
that  according  to  the  number  of  Pulleys  placed  in  the  move- 
able  Snatch-block,  the  force  of  the  power  is  doubled  *  now  we 
will  inftitute  another  difpolition,  wherein  if  there  be  only  one 
Pulley,  the  force  of  the  power  will  be  doubled,  if  two,  qua¬ 
drupled,  if  three,  it  will  be  odluple,  if  four,  the  power  will 
be  equivalent  to  fixteen,  and  fo  of  the  left. 

Suppofe  a  weight  to  be  raifed  being  faftned  to  a  moveable 
Fully  B,  and  let  one  end  of  the  Rope  be  fixt  in  the  point  G, 
and  the  other  end  of  the  fame  Rope  reach  to  the  Snatch- 
block  C,  in  like  manner  let  another  Rope  FCD  be  firmly 
fixt  in  F,  and  the  other  end  fixt  to  the  Snatch-block  D  •  let 
there  be  a  third  Rope  E  D  H,  one  end  of  which  fallen  well 
in  the  point  E,  and  let  the  power  be  in  H  •  I  fay,  the  power 
in  H  of  it  felf  being  equal  to  the  weight,  being  fo  dil poled, 
is  odtuple  of  the  weight.  - 

The  Demonftratkn .  Tis  fhewn  (at  Prop.  VI.  of  this)  that 
the  power  in  H  is  moved  with  a  double  velocity  of  the  Snatch- 
block  D,  and  the  Snatch-block  D  doubly  fwifter  than  C, 
and  C  doubly  fwifter,  or  as  fwifr  again  as  therefore  H  is 
moved  eight  times  fwifter  than  the  weight,  and  (by  the  firft 
principle  of  MechanicksJ  will  have  eight  times  greater  force 
in  refpedlof  the  weighty  therefore  ’tis  Efficient  that  the 

power  be  fubodluple  of  the  weight  to  be  in  ecju'ilibvio  with 
the  weight, 

.  lt  niay  be  demonftrated  by  any  Leaver,  for  a  Pulley 
difpofed  in  this  manner,  is  a  Leaver  of  the  fecond  kind,  in 
which  the  weight  is  precifely  in  the  middle  between  the  pow¬ 
er  and  the  prop,  or  Centre. 

- wmmrn mmmm  m  '*~**rrw  ■  . . „ 


PROP  OS.  XVIII. 

A  Theorem. 

By  Pulleys  any  weight  may  he  moved  hy  any  power. 

Flrft,  If  the  power  be  never  fo  little  greater  than  the  weight, 
it  may  be  moved  by  any  Pulley  that  only  helps  the  ap¬ 
plication,  but  if  it  be  equal,  and  the  Pulley  difpofed  after  the 

G  fecond 
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^econd.  manner,  the  weight  will  be  mare  eafily  moved  ;  but 
if  the  power  be  lefs,  as  if  it  be  to  the  weight  as  one  to  eight  5. 
eight  Pulleys  difpofed  in  this  fecond  manner,  or  eight  Pulleys 
dilpofedin  two  Snatch-blocks,  will  eafily  overcome  the  whole 
refinance  of  the  weight  ;  to  wit,  if  there  be  a  greater  pro¬ 
portion  of  the  motion  of  the  power  to  the  motion  of  the  weight, 
than  of  the  weigh  t  to  the  power. 

1  :  .  -~'t\  ■  •  -  1  •  •  .  .  :  >  J 
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J.  Screw  is  a  Cylinder  wrought  in  one  or  more  fohd 
Spires y.  or  Helices  [welling  outy  as  appears  in  the: 
figure. 

Fig.  79.  A  N  D  the  ufe  of  it  i$  common),  for  his-  put  into 

another  concave  cylinder,  cut  in  like  manner  in¬ 
to  concave  Spires,  fo-  that  the  convex-.  Spires  or 
Helices  of  the  former  Cylinder,  fit  to  the  concaves  which  are 
put  upon  them.  The  concave  Cylinder  fometimes  is  fixr  and  im¬ 
moveable,  and  in  this  cafe,  the  Screw  b  elides  its  circular  motion, 
hath  alfo  a  right  motion,  whereby  the  whole  Cylinder  goes 
forth.  Sometimes  the  Screw  is  immovable,  and  the  concave  Cy¬ 
linder  is  only  moved,  and  commonly  a.  fimpte  Cylinderis  added 
to  the  Screw,  into  which  a  handle  is  grafted  or  fixr,  as  in  A  B 
the  handle  B  C  is  adjoyn’d,  that  it  may  be  moved  round  more 
eafily  ^  hitherto  Authors  have  recalled  the  Screw  to  the 
Wedge,  and  the  Wedge  to  the  Leaver,  or  to  the  motion  of 
a  weight  an  an  inclined  plane,  as  if  you  understand  D  E  to 

be. 
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be  the  weight,  and  it  be  moved  round  in  the  Orb,  fo  that  it 
afcend  according  to  the  Spire  of  the  Screw,  inclined  to  the 
Horizon,  or  if  the  Wood  D  E  be  immovable,  the  Screw  it 
felf  being  turn’d  about,  which  is  coniider’d  by  the  manner 
of  a  weight,  its  afcent  will  be  by  the  inclined  plane  of  the 
Spires  of  the  concave  Cylinder  F  G ;  bur  thefe  considerations 
are  fuperfluous  and  unprofitable,  when  more  immediately  the 
force  of  the  Screw  may  be  meafured  from  the  firft  principle 
of  Machines,  than  by  fuch  reduction.. 


P  RO  P  0  S.  I. 

A  Theorem. 

To  explane  0  and  meafure ,  the  force  of  the  Scran, 


pig%  79-  T  Et  the  Screw  be  A  B,  furnifht  with  its  handle  BC, 
I  j  for  alfo  in  Idler  Sctews  of  Iron  which  are  made 
ufe  of  to  ftrain  fomething,  there  is  added  a  head  furnifht  with 
a  notch  or  cleft,  that  there  may  be  put  in  fomething  of  Iron, 
which  may  obtain  the  force  of  a  handle 3  And  let  the  power 
be  applied  in  the  point  C,  and  underftand  one  circumvolu¬ 
tion  to  be  made,  or  the  circle  CKL  to  be  defcribed  in  the 
mean  while  the  weight  afcends,  from  one  circumvolution  of 
the  Spire  to  another,  to  wit,  as  much  as  is  the  line  N  O.  An 
interval,  or  fpaee,  equal  to  the  line  N  O  comprehended  be¬ 
tween  the  two  Spires,  is  found  1 00  times  in  the  circumference 
CKL;  I  fay,  chat  it  may  be  in  equilibrioy  there  is  required 
fo  much  po  wer  as  is  only  fubcentuple  of  the  weight,  that  is, 
if  the  weight  be  100  pounds,  it  requires  a  power  only  equal 
to  1  pound. 

The  Demonftration .  Tis  then  in  Equilibria,  when  the  mo¬ 
tion  of  the  power  is  to  the  motion  of  the  weight,  as  the 
weight  it  felf  is  to  the  power,  but  in  our  cafe  the  motion  of 
the  power  is  centuple  the  motion  of  the  weight,  and  the 
weight  an  hundred  fold  of  the  power  it  felf,  therefore  ’tis  in 
Equilibria,  whence  if  the  power  be  a  little  greater  or  more 
than  one  pound  it  will  overcome  the  refiftance  of  the  weight* 


O  2 


Corollary, 
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Corollary. 

.  .  .  !  1  .  .  *•  X  .  . 

If  the  power  be  applied  to  the  wood  D  E,  fo  that  it  move 
downward  by  aright  line,  and  not  circular,  notwithftanding 
it  will  compel  the  Screw  to  move  circularly,  and  let  the  weight 
be  in  C,  the  power  requires  to  be  centuple  of  the  weight  to 
move  it.  But  if  the  wood  D  E  be  moved  circularly,  and  the 
weight  afcend  upwards  in  a  right  line  with  the  Screw  5  as  if 
you  feign  the  weight  to  be  B;  the  whole  circle  defcribed  by 
the  wood  would  be  compared  with  the  circumference  of  the 
line  N  O,  which  meafures  the  afcent  of  the  weight  in  each 
circulation. 


5  > 


PROP  OS.  II. 

A  Theorem. 


The  diners  ujes  of  (ingle  Screws. 

Fig.  So.  rT"'HE  ufeoffingle  Screws  are  various,  and  for  the 
I  mod:  part  they  are  ufed  to  drain,  as  appears  in 
the  79th  Figure,  in  which  the  Screw  A  B  is  fadned  in  the 
hole  B,  alfo’tis  furniftt  with  itsSpires,  but  the  hole  C  is  Angle, 
and  conlids  of  no  Spires  j  while  the  head  of  the  Cylinder  ar¬ 
rives  in  C,  and  the  Screw  is  turned  about,  the  woods  B  D, 
C  F,  will  come,  or  meet  together,  and  the  force  of  the  power 
will  be  increas’d  according  to  the  proportion  of  the  circle  de¬ 
fcribed  by  the  end  of  the  handle  A  E,  to  the  interval,  of  the 

Spires,  or  Helices.  .  , 

And  the  fame  effedt  follows  whether  the  wood  B  D  be  made 

immovable,  and  fo  the  wood  C  F,  come  to  that,  or  the  con- 

The  fecond  kind  is,  Fig.  St.  when  the  Screw  is  at  one  end, 
and  the  w'ood  to  which  ’tis  fadned,  is  at  the  other  end,  and  is 
immovable,  and  then  the  power  will  be  mixt,  to  wit,  of  the 
Screw  and  Leaver,  as  in  this  figure,  if  the  Screw  A  B,  _be  in¬ 
grafted  to  the  wood  AC,  in  the  point  A,  and  the  piece  of 

timber  to  which  ’tis  ingrafted  be  fixe  in  the  point  C  5  and  the 

weight. 
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weight,  or  that  which  refills  the  prefling,  be  in  the  point  D> 
C  A  will  be  a  Leaver  of  the  fecond  kind. 

And  that  you  may  meafure  the  force  of  this  Engin,  fuppofe 
it  a  Wine-prefs,  and  let  the  beam  C  A  be  equal  to  a  weight  of 
200  pounds,  that  is,  if  it  lies  on  a  parcel  of  Grapes,  it  will 
make  the  fame  compreflion  as  200  pound  weight  will  make  5 
and  let  the  Screw  be  fo  made,  that  each  fpire  be  dikant  from 
one  another  one  inch,  and  the  handle  B  E  7  feet,  fo  that  its, 
whole  circumvolution  will  be  22  feet,  01*264  inches,  and  let 
the  force  of  the  man  that  prefles,  be  equal  to  ico  pounds  3  I 
fay,  the  man  alone  hath  fo  much  force  to  prefs  the  Grapes,, 
as  hath  the  weight  of  5280©  pounds  j  the  reafon  is  clear,  for 
while  the  man  runs  over  22  feet,  or  264  inches,  the  beam  A 
defeends  only  one  inch,  and  the  weight  D,  which  is  in  the 
middle  of  the  Leaver  A  C,  is  only  moved  half  an  inch,  there¬ 
fore  the  force  of  the  power  is  increafed,  according  to  the 
proportion  of  264  to  or  of  528  to  1  3  but  the  power  is  100, 
therefore  the  force  of  the  man,  ufing  this  prefs,  will  be  equi¬ 
valent  to  52800 pounds  5  which  was  to  be  Ihewn. 

Fig.  82.  The  third  manner  will  be,  if  you  make  ufe  of  2 
Screws,  which  are  moved  together,  or  fuccdfively  after  each 
other,  and  one  in  refpedi  of  t’other,  hath  the  proportion  of  a 
Prop,  or  Hypomcclion  ;  as  if  the  Screw  A  be  moved,  the 
Screw7  B  not  being  moved,  the  point  B  will  be  the  Prop,  with 
refpedt  to  the  Leaver  A  B,  which  belongs  to  the  fecond  kind 
of  Leaver. 

Fig.  83.  To  this  kind  of  power  are  recalled  the  Vices,  which 
Iron-fmiths  ufe,  likewife  the  Prefles  which  Printers  ufe,  and 
many  other  Inkruments,  whole  forces  w:e  may  meafure  by  the 
fame  principles. 


P  R  0  P  0  S.  III. 

A  Theorem. 


Of  Compounded  Screws .. 


Fig,  84, 


I  call  that  a  compounded  Screw,  whofe  convex  Cy¬ 
linder  is  not  ingrafted,  or  fitted,  inta  its  corre- 

iponikm 


/ 


r.  f'-,  .  v,. 

T O  2 


Mechanic 4  Powers . 


Ecok  V. 


•  fpondent  concave,  but  is  mixt  with  other  powers.  And  fir  if 
if  the  Helices  of  the  Screw  be  fitted  to  a  toothed  wheel,  his 
call’d  an  infinite  Screw,  or  moving  in  infinitum,  the  forces  of 
this  power  are  wonderful,  for  fuppofe  a  wheel  to  confift  of  50 
teeth,  alfo  let  the  Axis  be  A,  about  which  the  rope  goes 
round  •  and  let  the  handle  B  C,  be  to  the  Semidiameter  of 
the  Axis,  as  4  to  1,  and  let  the  power  of  the  man  be  equal  to 
:ioo  pounds  •  I  fa y,  the  man  being  furniflrt  with  fuch  an  hr, gin, 
is  in  Erjuilibrio  with  a  weight  of  20000  pounds,  and  the  man 
will  be  equivalent  to  200  men. 

The  Demon  fir  ation.  The  handle  B  C  ought  to  make  50  cir¬ 
cumvolutions,  while  the  wheel  only  performs  one,  becaufe 
that  every  circumvolution  of  the  Screw  impels  only  one  tooth  : 
Therefore  while  the  handle  B  C  is  turn’d  round  50  times, 
the  Tympane  A  is  only  once  turn’d  about  ;  but  the  circulation 
*of  the  handle  is  to  the  circulation  of  the  Tympane,  as  4  to  r, 
therefore  the  motion  of  the  power  applied  in  C,  is  to  the  mo¬ 
tion  of  the  weight,  as  200  to  1,  therefore  by  reciprocation, 
the  power  as  of  1  pound  will  be  in  Equilibria  with  a  weight 
of  200  pound,  or  as  100  to  20000,  which  was  to  be  demon- 
dl  rated. 

But  if  inftead  of  the  Tympane  A,  you  ufe  another  Screw, 
to  whofe  wheel  the  fame  number  of  teeth  fhall  arTwer,  one 
man  will  be  equivalent  to  10000  men.  If  you  make  ufe  of 
three  Screws  in  the  fame  manner  and  order,  with  wheels  an¬ 
swering  to  them,  one  man  will  be  equivalent  to  100000 
men. 

Neverthelefs,  fcarce  any  Engins  are  ever  made  fo  ftrong, 
but  in  practice  they  become  unuleful,  becaufe,  that  either  the 
ropes  break,  or  that  which  they  are  faftned  to,  is  not  able  to 
Tuttain,  or  the  teeth,  or  other  parts  break,  the  weight  being  fo 
extraordinary. 

This  Engin  is  moft  ufeful,  as  often  as  the  motion  is  to  be 
diminifht,  as  when,  for  example,  we  have  a  wheel  in  a  Clock, 
which  is  turn’d  round  once  in  every  hour,  if  you  defire  a  mo¬ 
tion  i2  times  flower,  the  Axis  of  this  firft  wheel,  mull:  have  a 
Screw,  to  whofe  fpire  the  teeth  of  the  other  wheel,  mud  be 
ingrafted,  which  mud  have  12  teeth,  and  fo  you  will  have  a 
motion  12  times  flower,  fo  if  in  a  Clock  you  have  a  Wheel, 
or  Axis,  which  is  turn’d  about  twice  in  a  day,  which  is  fur- 
*nifht  with  a  Screw,  and  anfwers  to  a  wheel,  having  59  teeth5 

this 
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this  fecond  wheel  vviirbe  once  tUffi'd  r.boilt  U  '-’-1  days  apd 

•  t  -  - 

which  is  the  period,  or  circuit,  of  the  Moon,  and  fo  of  the 
reft.  He  that  delires  more  concerning  the  Screw  may  confult 

XJbalflus. 


I  fpeak  not  here  concerning  a  concave  Screw,  w  hich  is  one 
among  Hydraulic  Engins,  and  w'hich  properly  belongs  to  an 
inclined  plane*  the  benefit  of  a  Screw  are  thefe.  The  firfl  ad- 
vantage  is,  that  the  morion  of  the  weight  is  more  diminifht  by 
one  fpiral  line ,  than  by  many  toothed  wheels.  Secondly, 
without  any  flay,  although  the  power  be  relinquifht,  the 
weight  fcarcely  falls  back  again,  and  therefore  mirft  remain 
where  it  is. 

The  more  Helices  there  are  in  a  Screw,  and  the  more  ob¬ 
lique,  and  the  longer  that  the  handle  is,  theeafier  the  weight 
is  moved  -  and  in  a  concave  Cylinder,  for  the  mother J  the 
more  Helices  there  are,  the  lefs  the  Screw  fuffers,  for  when 
there  are  many  Helices,  the  weight  is  diftributed  in  them, 
which  would  prefs,  or  lye  on  one  only. 

Fig.  85..  To  this  Eiigin  we  may  refer  a  certain  invention  ob¬ 
vious  enough,  which  we  do  not  ufe  to  increafe  the  force  of 
power  in  order  to  motion,  but  only  to  fuflain  a  weighty  For 
if  about  any  Cylinder  there  be  made  a  hollow  fpire  about., 
which  a  rope  is  turn’d,  if  you  hold  the  rope  but  llightly,  or  , 
prefs  it  again  the  Cylinder,  the  weight,  although  it  be  great, 
will  be  frayed  by  the  Ropes,  being,  adjoin’d  to  the  Cylinder: 
Thefe  Channellings,  or  Hollowing^  are  ufefnl  if  any  one  be 
minded  to  defcend  from  a  high  Tower  without  danger,  and 
that  fwiftly,  or  (lowly,  according  to  pleafure. 

Awgers,  Wimbles,  and  Piercers,  are  referred  to  the  Screw, 
which  enter  the  e  after.  by  being  made  fharp  in  the  nature  of 
a  Screw,  as  experience  teaches,  in  great  Awgers,  with  which 
Pipes  are  boared  to  convey  Water  from  Fountains,  becaufe  its 
apex  reprefents  the  figure  of  a  Screw,  which  of  its  own  accord  , 
enters  the  Wood  fo  that  ,  there  is  but  little  need  of  Force.,. 


104 


Book  VI. 


Mechanick  Powers. 

OF  THE 


W  E 


BOOK.  VI. 


ALthough  the  Wedge  be  a  Ample  Inftrumenr,  and  there¬ 
fore  of  fome,  is  fcarcely  afcribed  to  the  number  of 
Engins,  neverthelefs  it  is  of  fuch  force,  that  defervedly  it  finds 
a  place  here. 

The  Wedge  is  a  triangular  Prifine,  whofe  two  rediangles, 
end  in  a  common  right  line. 

And  that  it  may  be  ufeful,  it  ought  to  be  made  of  folk! 
matter,  as  of  Iron,  or  Wood,  and  fuch  like. 

Its  ufe  is  in  tire  cleaving  of  Wood,  parting  of  Stones,  and 
dividing  other  bodies  that  ma^  be  cleft,  or  cloven  ;  a  flit  being 
made  in  the  body,  the  edge  of  the  Wedge  is  thru  ft  in*  and 
and  a  ftrong  percuflion  being  added,  forces  in  the  Wedge. 


PR  OP  OS.  L 


A  Theorem. 

The  force  of  the  Wedge  explained. 


Fig.  86. 


jlvers  reafons  are  alledg’d  for  the  force  of  the 
_  W  edge,  and  firft  from  Ariftotle,  in  Queftion  1 7, 
the  Wedge  is  recalled  to  a  double  Leaver  of  the  firit  kind,  in 
this  manner,  to  wit,  let  the  Wedge  be  A  BC,  Ariftctk  under- 

ftands 


Book  VI.  Mechanic^ Powers.  toy 

ftands  the  line  A  B,  as  a  Leaver  of  the  frit  kind,  whole  prop 
is  D,  the  power  in  A,  and  the  weight  in  B,  to  wit,  in  the 
end,  or  eufp  of  the  Wedge  :  In  like  manner  Jet  B  G  be  ano¬ 
ther  Leaver,  whofe  prop  is  in  E,  the  power  in  C,  the  weight 
in  8, 

Notwkhftanding,  this  explication  is  altogether  contrary  to 
the  proportion  of  the  Leav.er  ;  for  by  how  much  greater  the 
diftance  is  of  the  power  from  the  prop,  the  greater  is  the 
force  of  the  power,  jin  other  like  cafes  5  but  in  this  cafe  it  is  not 
fo,  for  if  the  Wedge  be  made  fhorter,  and  the  power  be  in 
K  L,  and  not  in  A,  neverthelefs  the  force  .of  the  Wedge  will 
be  the  fame :  I  fay,  the  fame  of  the  leaver  C  B. 

The  fecond  is  falfe,  that  the  Wedge  touches  the  Body  to  be 
divided  with  its  point,  Or  edge,  becaufe,  that  for  the  moil 
parr  the  extreams  D  and  E  only  .touch  ;  neither  when  we  mea- 
fure  the  force  of  the  Wedge,  do  we  regard  the  proportion 
which  is  found  between  A  D  and  ;P  ibut  how  much  the 
{harper  the  Wedge  is,  or  the  Idler  angle  it  contains,  the  eafier 
it  divides. 

Whence  Ubaldus  in  his  Mechanicks  imagines,  that  if  the 
Wedge  be  recalled  to  a  Leaver,  ’tis  to  be  explicated  by  ^ 
double  Leaver  of  the  fecond  kind,  whofe  common  prop  is  in 
the  edge,  or  point  B,  the  power  inSA  and  G,  but  the  fame 
inflances  occur  as  before  3  I  add  moreover,  that  a  Wedge  may 
want  a  point,  and  neverthelefs  be  as  apt  to  divide  as  it  was 
before  3  fo  that  the  inclination  of  the  planes  remains  the 
fame,  'touching  in  the  points  in  which  the  body  is  to  be  cleft. 

i%.  $ij.  Wherefore  others  recai  the  Wedge  to  an  inclined 
plane,  as  if  the  body  to  be  lifted  up  be  A,  under  which  the 
Wedge  B  is  laid,  that  body  being  moved  upon  an  inclined 
plane,  for ’tis  all  one,  whether  the  body  be  dr^wn  upon  the 
plane,  or  the  plane  move  under  it,  for  to  afcend  dis 'thought 
the  fame  j  therefore  there  are  in  the  Wedge  two  inclined 
planes.  This  conlideration  is  not  abfurd,  neverthelefs,  I  con¬ 
tend  that  the  whole  difficulty  remains,  to  wit,  that  the  whole 
do&rine  of  inclined  planes  is  alike  hard, :  labouring  lender  the 
fame  principle,  wherefore 

I  fay,  The  reafon  why  the  forces  of  the  power  are  increafed 
by  the  Wedge,  is,  becaule  the  power  is  moved  much,  and 
the  weight  but  little,  or  the  greater  motion  of  the  power  is 
compared  with  the  lefler  motion  of  the  weight,  andareioyn’d 
s  together,  P  ^  Which 
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Which  I  ihail/hew,  as  in  the  Fig .  86.  let  the  Wedge  ABC 
be  very  fharp,  which  by  one  or  more  percuflions  runs  into  the 
wood,  thefpace  B  F,  in  the  mean  while  that  the  parts  of  the 
wood  are  feparated  from  one  another  according  to  the 
fpace  D  E  j  if  the  Wedge  contain  an  angle  lefs  than. 
6o  degrees,  B  F  will  be  greater  than  D  E,  and  the  power  is 
moved  according  to  the  line  B  F,  and  the  weight  according t 
to  the  line  D  E,  wherefore  fecluding  percudion  which  way 
foever,  if  the  power  Amply  impel  the  Wedge,  its  forces  are 
increafed,  according  to  the  proportion  of  the  line  B  F  to  the 


line  D  E* 


PROP  OS.  IL 


The  Jharper  the  Wedges  are 5  the  greater  force  they 

add  to  the  power., 

LE t  there  be  any  i  Wedges,  whereof  one  is, more  acute  than- 
the  other  $  I  fay,  that  which  is  mod  acute,  confers  the, 
greater  force  to  the  power  ;  for  by  how  much  the  motion  of 
the  power,  is  greater  than  the  motion  of  the  weight,  it  hath 
greater,  force  in  refpeft  to  that  weight.  But  a  more  fharp. 
Wedge  isfuch,  that  it  requires^ greater  motion  of  the  power 
in  reipedt  to  the  motion  of  the  weight*  for  in  two  triangles*, 
having  an  equal  bafe,  that  which  hath  the  angle  oppofite  to 
the  bafe  mod  acute,  will  have  the  longed  fide  :  But  in  the 
Wedge,  the  bafe  meafures  the  motion  of  the  weight,  and  the 
fide  the  motion  of  the  power,  therefore  Wedges  mod.  acute  are. 
mod  powerful. 


A  Wedge  whofe  angle  is  greater  than  an  angle  of  6o  de¬ 
grees,  rather  decreafes  than  increafes  the  force  of  a  power* 


P  R  O  T  O  S. 
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PROP  OS.  III. 

A  Theorem. 

Divers  hjnds  of  Wedges. 

ALmoft  all  Inftruments  which  Artificers  ufe  to  divide,  or 
cut  with,  are  recall’d  ro  the  Wedge,  as  all  fort  of  edge 
-tools,  Sw'ords,  Pen-knives,  Nails,  Axes,  Hatchets,  are  Wedges, 
for  neither  is  it  eflential  to  a  Wedge,  that  the  percuflion  of  ano¬ 
ther  body  be  forced  between  the  body  to  be  divided,  for  it 
may  either  be  limply  imped’d,  or  from  a  force  conceived 
from  the  leading  motion  to  divide  it  5  Awgers,  and  Piercers 
contain  a  Wedge, 


Of  ^ercufion ,  or  Smiteing, 

PR  on?  os.  iv. 

\  '  %  \ 

A  Theorem. 

Experiences  of  Per  cuff  on. 

I  Being  in  company,  fome  years  ago,  with  .my  Ingenious 
friends  Mr \Bankesy  the  King’s  Matter  Carpenter,  and  Mr. 
Morris  Emmet  y  the  King’s  Matter  Bricklayer,  lince  deceafed, 
among  other  things  that  pafs’d  in  our  difcourfe,  Mr.  Bankes 
was  pleafed  to  fay,  that  he  thought  there  could  be  no  reafon 
given  of  the  force  of  Percudicn,  nor  no  comparing  the  pro¬ 
portion  of  weight  preffing  a  Nail,  or  fuch  like  thing,  enrred 
in  a  board,  or  Timber,  to  a  blow  fmitten  on  the  fame  thing. 
Indeed  the  faying  was  very  difficult  and  abflrufe,  yet  I  remem¬ 
ber  I  told  him,  that  the  learned  and  Reverend  Dr.  IVal  •  and 

P  2  Cfljfm  ? 
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CaJJatns  had  writ  fomething  concerning  it,  and  alfo  the  learn¬ 
ed  Dechales,  whole  principles  I  defign  to  follow. 

Ariftotles  19th  Qaeftion  touches  lightly  on  the  force  which 
is  produced  from  Hereupon  ;  neverthelefs,  he  explicates  no¬ 
thing  further,  and  as  I  may  fay,  only  propofes  a  .difficulty, 
to  wit,  that  although^  a  great  weight  be  laid  upon  an  Ax  or 
Wedge,  yet  it  conduces  little  or  nothing  to  cleaving,  but  that 
a  blow  fmitten  with  great  velocity,  affedts  much.  Then  he 
feeks  how  much  gravity  this  motion  adds  +  to  the  better  un- 
derftanding  whereof,  in  the  firft  place,  I  fhall  refer  to  ,  expe¬ 
rience.  •  'ii 

The  Fitft  Experience  then  fhall  be,  that  that  Percuffion  is 
greateft,  whofe  motion  isfwifteft,  from  whatfoever  caufe  the 
fame  motion  proceeds,  whether  it  be  circular,  or,  right,  \k 
little  different.  From  whence  it  comes  to  pafs,  that  a.Ham- 
mer,  or  Mallet,  furniffit  with  a  longer  handle,  makes  a  Wron¬ 
ger  blow,  becaufe  that  power  can  imprefs  a  fwifrer  motion, 
for  if  it  be  moved  with  equal  velocity,  whether  it  be  furnifht 
with  a  longer  or  lhorter  handle,  the  percuffion  would  be 
equal  ;  alfo  thence  I  think  may  be  concluded,  thatJafting  mo¬ 
tion  adds  nothing  to  percuffion,  unlefs  there  were  a  difpofirion 
to  fwifter  motion.  And  therefore,  if  the  Hammer  ffiould  be 
moved  equally  about  feme  Center,  it  would  not  finite  Wron¬ 
ger  aftera  lafting  motion  than  after  fome  ffion  motion.  Alio 
Vis  clear,  that  when  fomething  is  fmote  with  a  Staff,  or  a 
Sword,  the  ftroke  is  ftronger  about  the  end,  becaufe  then  the 
ftaff  is  moved  about  the  hand,  as  about  a  centre,  whence  the 
motion  is  ftronger  about  the  end}  I  fay  about  the  end,  yet 
not  in  the  end,  by  reafon  of  another  proportion. 

Secondly,  A  greater  body  although  it  be  moved  with  equal 
velocity,  with  a  leffer,  produces,  notwithftanding  a  ftronger- 
blow  j  for  Vis  certain,  while  two  bodies  of  the  fame  matter  1 
and  divers  magnitude  fall  from  on  .high,  they  defcend  xalmoft 
with  equal  velocity,  fa,  that  the  difference  is  very  fimlly  to 
wit,  fo  much  only  as  is  begat  in  the  reiiftance  of  the  air  pro¬ 
portionally  in  the  leffer  body  to  the  greater,  neverthelefs,  the 
greater  body  inforefles  a  ftronger  blow,  which  effect  cannot 
be  only  attributed  to  the  greater  gravity  •  for  let  there  be  a 
ftake  ftuck  in  the  ground,  and  Jet  two  bodies  defeend  from  an 
equal  height,  one  of  100  pounds,  the  other  of  200  pounds, 
Us  .  certain  that  there  will,  be  a  ftronger  impreffion  from  the 

fecond 
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fecond,  which  cannot  be  attributed  only  to  the  gravity  limply 
taken,  for  if  this  fecond  body  be  put  on  the  flake  and  gravitate 
on  if,  or  fliould  fall  on  it  from  on  high  ,  the  impreflion  from 
a  body  lefs  heavy,  would  not  be  fo  much  :  Therefore  a  heavy 
body  falling,  makes  a  greater  ftroke  than  a  lighter  body,  and 
this  impreflion  ought  not  to  be  attributed  only  to  the  greater 


gravity. 

The  Third  Experience.  While  a  body  is  moved  about  fome 
centre  for  a  continuance,  ’tis  ealier  ftopt  or  flay  d  if  you  lay 
hold  of  it  by  the  er.d,  than  by  any  other  part  nearer  the 
Centre,  which  is  robe  underftood  if  it  be  hinder’d  before  the 
motion,  or  in  the  beginning  of  the  motion,  for  if  you  wait 
till  the  motion  be  engender’d,  it  will  be  otherwife.  And  the 
reafon  of  the  firft,  is  obtain’d  from  the  proportion  of  the  lea¬ 
ver  3  the  reafon  of  the  fecond  ought  to  be,  becaufe  the  mo¬ 
tion  is  greater  in  the  end,  and  confequently  a  greater  impetus 
is  acquired. 

The  Fourth  Experience.  The  ftrongeft  blow  of  a  Sword  is  not 
about  the  point,  nor  as  fome  think  about  the  Centre  of  gra¬ 
vity,  but  between  the  point,  and  the  centre  of  gravity  ;  yet  in 
general  ’tis  true,  that  a  body  that  is  moved,  having  the  great- 
eft  part  of  its  weight  about  the  end,  a  ftronger  blow  follows  , 
than  if  it  proceed  from  one  continuance,  wherefore  fome  make 
aJittie  channel  within  the  Sword,  and  include  Mercury  there¬ 
in,  which  conveys  the  force  of  percuffion  to  the  point,  and 
makes  the  ftroke  ftronger.  Perhaps,  while  a  body  is  extended 
in  one  order,  ’tis  moved  more  difficultly,  and  therefore  its  ve¬ 
locity  is  not  fo  great,  and  confequently  its  ftroke  not  fo 
ftr  on (r. 

*  Fig.  8 3.  The  Fifth  Experience.  While  a  body  fmkeing  de- 
fcends,  it  caufes  asgreat  a  ftroke,  if  only  one  part  of  it  fall  on 
the  fubje&ed  body,  as  if  the  whole  body  fell  on  it ;  that  is,, 
if  i  equal  bodies  A  and  B,  fall  from  the  fame  height,  the  firft 
whereof  frnites  the  flake  C  only  with  fome  part  ofir,  but  the 
otheraecordingtoits  whole  lowcft  fuperfirie,  yet  an  equal  ftroke. 
follows,  which  I  have  found  by  experience,  that  I  might 
confute  the  opinion  of  fome,  efteeming  the  Air  Iqucez’a  be¬ 
tween  the  i  bodies,  to  confer  much  to  the  blow',  yea,  they 
will  have  all  cutting  or  cleaving  to  be  from  air  included  with¬ 
in  the  Pores,  being. violently  impuifed  from  the  dividing  body, 
for -they  will have,  air  to  be  molt  ffiarp,  and  confequently  tneft 
apt,  to  divide..  PRO.-. 
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A  Theorem. 

Divers  meajures  of  Percuflion. 

Wig.  8?:f  I  'lS  hard  to  meafure  percuflion  that  is  made  by  a 
1  living  power,  lince  it  depends  on  force,  and 
flee  and  voluntary  endeavour,  and  hath  the  proportion  of  the 
mn0Vjno'  or  iiniteing,  for  although  a  greater  Hammer  ef- 
fe<as  a  ftronger  blow  in  other  things  of  the  like  nature,  yet 
it  it  be  not  10  fwiltly  moved  becaufe  of  its  heavinefs  the  ner 
cullion  which  follows  is  the  weaker  :  Wherefore  Vis  conve 
mient  in  the  fir  ft  place,  to  reduce  velocity  to  a  certain  meal 

Suppofe  then  a  Hammer  A  B,  whofe  whole  length  is  6  feet 
Avhich  is  moved  by  a  man  to  finite.  I  fay,  if  it  be  moved  e~ 
qually  with  the  fame  velocity  which  he  hath  in  himfelf  in  the 
mftant  of  percuflion,  and  in  the  fpace  of  one  fecond  minute 
.  J;  make  4  circulations,  that  is  144.  feet,  fallowing  the  Pcs 
Tiphery  ro  be  but  5  times  the  Diameter)  :  If  the  fame  Ham¬ 
per  mould  fall  according  to  the  equality  of  the  force  of  gra- 
-vuy,  and  accelaracion  of  heavy  bodies,  it  would  not  arrive  to 
accomphfti  144. feet  in  $;  fecond  minutes,  and ’it  fhould  fall 
from  an  altitude  of  425;  feet. 

.  From  whence  etis  concluded,  that  the  altitude  42  c  feet  is 
the  meafure  of  percuflion  made  by  the  man,  or  the  Hammer 
has  fo  much  velocity,  while  ’cis  ftrongly  fmote,or  impend,  by 
the  man,  as  the  hammer  would  have  had,  if  it  had  fallen  finely 
from  an  altitude  of  42$  feet. 

I  have  been  willing  to  examine  the  calculation  made  by 
Mtrjennus ,  but  could  never  find  it  anfwer ‘experience,  for  we 
-Oiten  uie  a  Vendulum  of  3  feet,  one  fwinging,  or  ffroke  whereof 

pf  j  *  .  .  1  ^  of  a  minute  5  and  we  have 

,ound  in  a  Semivibration ,  or  in  the  fpace  of  half  a  fecond 

aide  more  than  4  feet,  to  be  pad  over  by  a  body  falling,  viz,] 

aoout  4  feet  and  ~  •  but  according  to  the  proportion  ob- 

ferved 
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fervedb yGalikus,  it  fliould  be  17  feet  in  one  fecond,  where¬ 
fore  in  the  fecond  fecond  it  will  be  51  feet,  in  the  third  le~ 
cond  it  will  fall  85,  in  the  fourth  119,  in  the  fifth  153, 
which  being  all  added  together,  make  42  therefore  the 
blow  of  the  Hammer  ftruck  by  the  man,  is  equaL  to  that 
which  is  made  by  the  fame  haibmer  falling  425  feet ;  in  this 
fuppofition  the  fpace  which  is  part  over  by  heavy  things,  de- 
fcending,  is  reckon’d  to  proceed  according  to  the  feries  of  odd? 
numbers. 

But  whatfoever  the  comparifon  be  of  the  Impetus ,  or  force, 
produced  from  a  man  fmireing;and  the  Impetus  produced  by  a 
weight  falling  ;  ’tis  certain,  that  there  is  no  Impetus  produced 
from  a  man’s  fmireing,  to  which  there  cannot  another  be  gi¬ 
ven  equal  to  ir  from  a  body  falling  :  But  hithertoo  the  whole 
difficulty  remains,  viz*  how  we  may  nieafure  the  acquired 
Impetus ,  from  a  body  falling  from  a  determined  height ;  let 
therefore  a  hammer  weigh  1  pound,  driving  a  nail  at  one 
blow  (or  percuffionj  one  inch,  whofe  force  is  equal  to  that 
which  it  would  have  if  it  fall  from  an  altitude  of  425  feet . 
and  let  it  be  demanded  what  weight  being  only  laid  upon  the 
Nail,  will  force  it  in  one  inch,  but  that  weight  muft  be  mo¬ 
ved  equal,  to  the  fpace,  to  wir,  it  mud  alfo  be  moved  one; 
inch. 

Many  have  been  the  opinions  concerning,  this  thing,  for 
fuppofe  a  hammer  of  1  pound,  and  1  foot  long,  and  let  it  be 
made  after  the  manner  of  a  Cylinder,  fome  think,  if  there- 
fhould  be  a  Cylinder  made  of  the  fame  thicknefs,  vJz,.  1  foot  y 
and  425  feet  long,  to  wit,  as  much  as  is  the  altitude  of  the 
fall,  which  is  equal  to  the  percuffion,  and  this  Cylinder  be  put 
upon  the  Nail,  it  will  force  the  nail  into  the  board  one  inch, 
neverthelefs,  I  fee  not  on  what  foundation :  for  fuppofing  the 
hammer  to  be  half  the  length,  and  to  have  the  lame  gravity 
according  to  this  confederation,  it  requires  a  weight  doubly, 
greater,  which  is  abfurd,  therefore  lince  this  determination, 
depends  on  the  thicknds  of  the  hammer,  which  in  this  cafe 
hath  no  place,  for  neither  will  two  hammers  of  divers  figures* 
and  the  fame  gravity,  have  divers  effects. 

Others  will  have  it,  that  a  hammer  of  100  pounds  defcenck 
ing  with  one  degree  of  velocity,  will  have  the  fame  force  as  a 
hammer  of  1  pound,  defcending  with  a  velocity  as*  100^, 
which  I  eafily grant:  But  hitherto  I  think  nothing  is  effected, 

nduherv 
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neither  is  there  had  fuch  a  meafure  as  we  require,  to  wit, 
tome  weight  to .which  percuftbn  is  equal,  or  a  weight  which 
is  moved  in  the  fame  manner  as  a  nail,  although  it  drive  it  one 
inch. 

Mr.  Hobbs  reduces  ail  percuftbn  to  the  firft  endeavour  which 
the  weight  hath,  but  knows  not  whether  the  firft  endeavour 
: given  be  indivifible  and  determinate,  and  fo  in  this  explication 
he  wraps  himfelf  inqueftions  of  continual  divifion. 


PR  OP  OS.  VI 

of  Percujjton. 

-  *■  * 

SUppofea  hammer  of ’t  pound,  and  let  it  be  of  any  figure. 

it  matters  not,  which  being  ftruck  with  the  force  of  a 
man,  hath  the  fame  velocity,  as  if  it  had  defcended  4i  ~y  feet, 
and  drove  a  nail  one  inch,  now ’tis  demanded  what  weight 
this  percufllon  is  equal  to  :  And ’tis  certain,  that  a  weight  of 
one  pound  falling  4i  j  feet,  acquires  a  force  to  raife  i  pound 
415;  feet,  which  I  ihew  in  any  Pendulum,  wherein  the  weight 
afcends  almoft  the  fame  as  it  defcends.  Therefore  this  per- 
cullion  feerns  to  be  in  equilibria  with  a  weight  of  one  Dound  in 
movingthrough  415  feet :  But  if  you  ask  what  wefght  being 
moved  one  inch,  will  be  in  equilibria  with  a  weight  of  one 
pound,,  moved  4iy  feet,,  multiply  4iy  by  12,  it  makes  yioo 
inches, in  41$  feet  3  I  fay,  if  a  weight  of  5100  pounds  be  placed 
on  the  nail,  the  nail,  will  be  forced  in  one  inch  3  for  one 
-pound  moved  5  too  inches,  is  in  e^uilibvio  with  5  too  pounds 
moved  one  inch,  wherefore  the  percuilion  of  the  man  feerns 
tobe  equal  to  5  too  pounds,  which  was  to  be  lliewn  3  never- 
thelefs,  there  is  a  doubting  in  this  calculation,  becaufe  that 
the  velocity  of  the  Weight  afeending  ,  always  decreafes. 
wherefore  thefe  things  cannot  be  conftituted,  but  according  to 
the  doctrine  delivered  of  heavy  bodies  falling. 
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A  Theorem, 

The  quantity  being  given  of  a  flake 5  nail ?  driven  into 

any  body  by  a  determined  weighty  from  a  determined 
height j  to  fnd  a  weight  which  will  perform  the  fame 
from  any  other  height * 

Fig.  90.  T  Et  the  weight  Abe  100  pounds  failing  from  10 
JLf  feet  high,  and  driving  the  nail  B  one  inch,  a 
weight  is  required,  which  failing  from  40  feet  high,  vvili  per¬ 
form  the  fame  effect  ;  I  fay,  it  requires  a  weight  of  pounds. 

The  Demonflration.  The  fame  effedt  is  produced,  if  the  quantity 
of  motion  be  the  fame  in  both  cafes :  But  the  quantity  of  motion 
is  the  fame,  for  a  heavy  body  failing  from  an  altitude  qua¬ 
druple,  or  fourfold,  hath  double  velocity  of  that  which  it  had  ; 
But  100  pound  movable  with  one  degree  of  velocity,  and  50 
as  movable  by  2  degrees  of  velocity,  have  the  fame  pairs  of 
motion  :  Therefore  they  feem  to  have  the  fame  dfedt  j  ne¬ 
ver  thelefs,  there  remains  a  difficulty  which  is  begat  from  the 
reflexion  of  bodies,  which  belongs  to  the  velocity  of  heavy 
things  defcending. 


p  r  o  p  0  s,  VIII, 
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To  make  divers  kinds  of  compound  Engine > 

BEfides  the  Angle  kind  of  Engins before  mentioned,  to  wit, 
the  Ballance,  the  Leaver,  the  Wheel,  the  Pulley,  the 
Wedge,  the  Screw,  there  may  be  made  many  other  com¬ 
pound  Engins,  fome  of  which  We  Will  defcribe,  that  (b  not 
only  their  great  fortes  may  appear,  but  alfo  that  any  one  may 

perceive 
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perceive  a  ready  way  of  making  Engins  for  any  occafion,  and 
accommodate  them  to  their  ufe. 
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Engin.  I. 


An  Engin,  whereby  a  Wagoner  may  raife  his  Wagon.,, 
or  Cart,  although  loaded  ;  alfo  by  it,  the  Ifoof  of  am 
Houfe ,  yea-y  the  whole  Cafe  ojf  the  HouJe7  may  he 
rat  fed.  .»  v'; 

aj  C 

r  <  -  $  •  ;•  -  .  ■  *.  c  *  ' 

1  ;  j  g  •  i  ,  .  u  «  -  .  i  ;  -r  .  -  j-  »  i 

i  »  -  .»  *  i  y  i 

%■  91*  Iron,  or  other  folid  irratrei%  make  :  wheels, 

1  f  the  2  Idler  A  and  C,  and  the  other  greater 
B  j  the  little  wheel  A  hath  five  teeth,  and 
the  little  wheel  C  the  fame  •  but  the  wheel  B  hath  20  teeth, 
and  fo  is  fourfold  greater,  arid  hath  one  common  axis  with  the 
wheel  C,  alfo  make  of  the  fame  matter  a  firm  Prifme  DE 
with  teeth,  defend  on  every  fide  all  the  cafe  of  wood  with 
Iron,  in  which  the  teeth  are  included,  the  upper  part  being, 
open,  fo  that  the  teeth  of  the  wheel  Av  lay  hold  of  the  teeth 
of  the  wheel  B,  and  the  teeth  of  the  wheel  C,  lay  hold  of 
the  teeth  of  the  Prifme  DE:  But  the  axis  of  the  wheel  A 
(lands  out  without  the  fide  of  the  cafe,  and  is  turn’d  by  the 

handle  G  F  H,  arid  with  the  handle  the  little  wheel  A  is  turn’d, 

?  <* 

which  turns  the  wheel  B  and  C,  and  the  teeth  of  the  wheel 
C,  running  into  the  teeth  of  the  Prifme  D  E,  they  move  it  up¬ 
ward*  until  the  laft  tooth  near  E,  be  in  the  region  of  the 

wheel 
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wheel  C  •  if  now  D  on  the  top  be  made  hollow',  or  E  on  the 
fide-jof  -die. Cafe  flicking  .out,  be  put  under J.he  .Waggon,  at 
other  weight,  and  the  wheels  being  turn’d  the  Pnlme  al- 
cends  and  going  forth  of  the  Cafe,  forces  the  weight  up- 
wards  ,  and  if  the  wheels  are  turned  the  contrary  way,  the 

weight  defcends  likewifc.  ,  ,  .  ,  . 

If  to  this  Engin  you  add  a  leaver,  one  end  whereof  being 

put  under  the  hollowing-  D  or  E,  and  the  other  end  of  the 
leaver  lean,  or  flay  on  the  Earth ,  and  that  part  of  the 
leaver  next  the  earth,  be  put  under  the  VV  aggon,  or  other 
weight,  and  then  turn  the  wheels,  it  will  make  a  compound 
Engin  much  ftronger,  which  you  muft  note  carefully  for  in  - 
deed  insny  Engins  by  addition  of  the  like  Ickivci  <uc  in ucn 

heJpt. 


f!l. 
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-  ,  Engin.1  II. 

To  raife  a  Vafi 'might  with  an  Engin  compounded  of  a 
E»%,  Jxis  in  Peritrochio ,  and  a  per 

Screw. 


F 


icreof 


91.  \  /(  Ake  the  Cylinder  C  u,  m  me  miau  c 
iVJL  make  4  or  5  Spires  of  a  Screw,  whiu. 
the  handle  E  F  with  the  Cylinder  is  turn’d  about,  the  Sp«es 
infold  themfelves  with  the  teeth  of  the  wheel  B,  and  turn  it 
about:  And  while  the  wheel  Bis  turn  d  round,  the  ropy 
B  G  H  drawn  about  the  Pulleys  G  and  H,  is  wound  “bout, it* 
Axis  :  Bv  this  means,  we  may  with  great  cafe  raife  any  great 
weight  by  the  power  F.  I  have  carded  the  like  Engin  to  be 
made,  by  whole  means,  I  did  move  a  Milftone  with  lo  little 
'refinance,  that  with  a  final!  Silken  Thred,  faftned  to  the 
handle  F,  and  pull’d  by  the  hand,  I  have  turn  d  about  the 
Screw,  and  taken  it  up,  being  the  weight  of  ^co  pounds, 
and  not  broke  the  thread.  _  And  if  mftead  of  the  handle  El 
you  fit  a  wheel  furnilht  with  little  boards,  this  being  turn  d 
about  with  the  breath  of  the  mouth,  will  raife  the  MiU-ftone. 


a* 
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Engirt.  III. 

To  take  up  a  Miljlone  with  an  Engine  wrought  by  the 

Smoak  of  a-  Lamp. 

Fig'  jtj.'T'His  Engine  is  admirable  to  the  Beholders,  to  fee 
X  it  raife  a  weight  of  15-0  pounds  j  it  is  altogether 
like  the  precedent,  but  that  it  hath  a  pair  of  toothed  wheels 
between  the  Screw  A,  and  the  Pulleys,  the  firft  of  them  is  im¬ 
mediately  moved  by  the  Screw,  and  tire  fecond  is  moved  by 
the  firft,  and  about  its  Axis  the  Rope  turns  round  5  and  that 
the  Smoak  of  the  Lamp  may  fupply  the  force  of  the  moving 
power,  the  centre  of  the  wheel  B  G  is  firmly  put  into  the  Ax¬ 
is  D  of  the  Screw,  whole  Teeth  running  in  each  other  are 
turn'd  round  by  the  Teeth  of  the  Wheel?  C  and  B,  fixt  to  the 
Axis  of  the  wheel  F  G,  parallefto  the  Horizon  j  this  wheel 
is  fo  made  of  a  thin  Iron  plate  tinned3  over,  that  the  whole 
plane  of  the  Horizontal  wheel  confining  of  the  thin  plate  is 
cut  through  with  Channellings,  and  way  for  the  Smoak’ to 
pais,  m  iuch  manner,  that  while  the  Smoak  of  the  fuppofeci 
Lamp  L,  pafies  through  by  the  oblique  openings  of  the  plate 
it  turns  about  the  wheel  hung  to  the  Glaftey  "cover  H,  upon 
the  point  of  a  Needle,  and  fo  poifed,  that  it  may  turn’ round 
eafily ;  and  if  one  Lamp  doth  not  fuffiee,  i  or  3,  or  more  may  be 
added  :  Alfo  there  may  be  more  wheels  than  the  forefaid  two, 
and  more  little  wheels  of  Pulleys.  My  Engine  which  performs 

the  forefaid  effedt,  confifts  of  eight  Wheels  and  Pulleys  alt©*, 
gether. 
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Engin..  IV. 

By  whofe  means  a  mighty  weigh  is  continually  raifedy 
although  the  Power  he  not  continually  applied y  hut 
now  and  then  a  little  impulfe  prejjes  it  on  hy  it  its  own 
endeavour . 

Fig.  94.  A  Fply  an  Iron,,  or  Stone  Globe  for  Ball)  of  a  great 
Jjl  magnitude  and  weight,  to  a  fpear  of  Irdn,  or 
Wood  C  D,  and  let  the  Globe  be  vibrated  together  with  the 
Spear  about  the  Poles  A  and  B  3  moreover  let  there  be  fome  pretty 
little  arm  E  F  L,  fixt  fomewhere  about  the  middle  of  the  lit¬ 
tle  Axis,  or  Pm  K,  but  movable  without  any  reliftance  3  join  to* 
this  in  F  a  crook  F  G  turning  cafily  in  F,  let  the  end  E,  of  the 
little  Arm,  be  made  like  the  point  of  a  Sword,  or  Knife,  ( or 
little  tongue  )  which  may  touch  the  Spear,  being  perpendicu¬ 
lar  3  then  that  part  of  the  Spear  which  touches  the  little  tongue, 
mu  ft  be  made  fh'arp  In  the  fame  form,  and  extended  fo,  that 
the  little  tongues  refpedt  and  touch  each  other. 

Then  the  Globe  being  thruft  with  force,  or  being  elevated, 
and  falling  again  by  its  weight,  mightily  effects  the  Vibrations, 
by  going  and  coming  back,  and  each  part  of  the  Spear  made 
ftiarp  in  E,  hitting  againft  the  little  tongue  of  the  arm,  forces 
the  pin  F  G  towards  G,  which  by  that  means,  ever  and  anon, 
lays  hold  on  new  Teeth  of  the  Wheel  H,  and  turns  round  the 
Wheel,  which  cannot  be  turn’d  back  again,  being  hind  red  by 
the  pin  P,  endeavouring  the  contrary.  Another  little  Wheel; 
being  annexe  to  the  Axis  of  the  wheel  H,  turns  the  Wheel  I, 
about  whofe  Axis  the  Rope  of  the  Pulleys  L  M  being  turn’d, 
takes  up  the  weight  N,  being  faftned  to  the  loweft  Pulley  y 
wherefore,  if  after  the  perpendicular  ftands  ftill,  and  moves  no 
longer,  it  be  again  railed  from  the  centre  and  let  down,  its, 
vibrations  will  elteft  in  the  lame  manner  as  before  for  fome 
time,  railing  the  weight  in  the  mean  while,  although  no  pow¬ 
er  be  applied,  fo  that  the  weight  feems  to  afeend  of  it  fdf. 

Note 
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j\W,  That  you  may  add  one  or  two  wheels  to  the  wheel 
■1,  that  the  weight  may  be  taken  up  the  eafier,  and  lefs  reftf 
the  motion  of  the  perpendicular ;  moreover  in  {lead  of  the 
Pulleys,  you  may  ufe  a  Leaver,  or  a  perpetual  Leaver,  with 
•Axis  in  Veritrochlo ,  eH.  Thirdly ,  the  longer  the  Spear  is,  and 
the  heavier  the  Globe  is,  the  longer  the  motion  of  the  perpen¬ 
dicular  endures.  / Fourthly,  the  upper  part  of  the  little  Arm  E, 
doth  'indeed  endeavour  do wnwaTds'  by  its  weight,  but  with 
IT  f  nail  endeavour,  that  his  eafily  moved  by  the  Spear  ;  the 
fame  end  being  but  little  inclined,  fo  that  a  imali  part  of  the 
little  tongue  be  touched  by  the  edge  of  the  Spear  ;  and  fo  alfo 
the  wheel  Bought  to  confifl  of  Imali  faw  teeth,  other  wife  the 
force  of  the  perpendicular  will  be  too  much  allayed.  Fifthly 9 
Tis  better,  that  only  the  upper  part  C  F  of  the  Spear  be  iolid? 
and  the  remaining  part  F  D  be  of  a  little  chain  flexible. 

This  Engin  if  it  be  ingenioufly  made,  effeds  very  well,  and 
caufes  admiration  in  thole  that  (land  by  :  Befides,  if  the  pow¬ 
er  be  continually  applied  to  the  Spear,  or  to  the  perpendicu¬ 
lar  in  D,  which  will  move  it  of  its  own  accord,  a  vaft  weight 


:mdvedr  Tlm  this  -  cafe  There  is  no  need  To  make  ufe  of  the 
Tittle^rtB  E  "F  L,  but  Tis  fufficient  that  the  Axis  A  B  of  the 
perpendieulan  be  extended  to  and  there  be  fitted  with  a 
little  iron  hook,  or  catch,  which  may  lay  hold  on  the  teeth 
of  the  wheel  QJT  Or  the  litfle  arm  F  G  may  be  joyned  to 
the  Spear  C  D  in  E,  and  move  the  Pendulum  with  an  oppo- 
Tlte  hiption,  to  wit,  from  F  towards  G:  But  this  wheel  in 
rfis  cafe  ought  to  obtain  another  fire  than  before,  to  'wit,  its 
plane  ought  to  be  parallel  to  the  line  of  motion,  winch  the 
perpendicular  makes  j  and  its  teeth  ought  to  be  retain’d  by 
the  like  pin,  left  .while  Tis  free  from  the  Ciafp,  or  Hook  <T, 
it  .return  go  the  Wppofite  part  folike  wife  the  whole  Spear  ought 
f  tp  be  rig-id,  or  hard.  Yea,  I  confidently  affirm,  fo  that  the 
fpear  which  hath  the  proportion  of  a  leaver  be  long  enough, 
a  vafl  weight  may  eafily  be  taken  up  by  one  man,  with  only 
the  wheel  QJl,  the  rope  being  turn’d  about  the  Axis  S  of  the 
■wheel,  although  no  pulleys  be  added  j  for  the  leaver  hath 
great  force,  although  it  he  not  in  ufe 'in  taking  up  w7  eights, 
became  they  know  not  the  way  whereby  its  motion  may 
be  continued  j  but  we  have  found  the  precedent  which  is  al¬ 
together 
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together  eafie,  and  others  of  the  like  nature  may  be  inven¬ 


ted. 


t  ft  >  r  > 


For  let  the  leaver  be  A  B  C,  whofe  prop  is  in  B,  and  the 


power  in  A  3  by  weighing  down,  or  deprefting  this  leaver,  its 
other  end  G  lays  hold  on  the  teeth  of  the  wheel  D  E,  and 
moves  it,  the  iron  Pin  G  hindering  it  to  go  back 3  and  at  the  fame 
time  the  rope  E  F  being  turn’d  about  the  Axis  of  the  wheel 
takes  up  the  weight  F;  but  the  prop  B  ought  to  be  furnifht 
with  a  ring  above,  in  which  the  leaver  muft  be  put,  left  it  be; 
eafily  moved  to  and  fro,  being  only  a  little  bent,  that  it  may. 
be  transferred  from  one  tooth  to  another  below  it. 

Some  things  to  be  obferved  in  the  com  poll  tiori  and  ufe  of 
Machines,  or  Engins.  In  the  compolition  and  ufe  of  the  Engins 
aforefakh  and  of  others  of  the  like  nature,  fome  things  occur 
which  defer  ve  a  peculiar  obfervation. 

Firft,  ’Tis  to  be  noted,  that  fince  in  every  Engin,  that  parr 
which  is  next  to  the  weight,  feels  a  greater  impreftion,  or  re¬ 
ft  fta  nee  of  the  laid  weight,  and  alfo  ought  to  be  more  (olid, 
firm,  and  ftrong  :  Example,  In  Axis  in  Vcritrcchio,  or  a  toothedi 
wheel  and  a  ferew,  it  will  be  convenient  fo  to  lit  them  toge¬ 
ther  that  the  weight  may  be  iuftain’d  immediately  from  the 
ferew,  and  the  wheels  applied  to  the  moving  power  3  and  the 
ferew  ought  to  be  of  more  folid  matter,  and  made  more  firing 
ft  nee  in  toothed  wheels  they  cannot  be  made  fo  ftrong,  as  to. 


faftain  great  weight. 

This  thing  is  of  great  moment,*  and  therefore  to  be  obfer- 
ved  diligently  in  life,  a  ferew,  and  alfo  pulleys  are  wont  to  be 
applied  immediately  to  a' weight,  for  although  a  pulley  feems 
to  be  Ids  firm  and  ftrong  to  fufbiin  a  burden,  beCaufe  that  the 
Axes  of  the  wheels  cannot  be  made  fo  thick  3  not  with  ftanding  . 
each  of  them  bears  not  the  whole  weight,  even  as  neither  any 
one.  rope  that  is  drawn,  but  if  is  in  a  manner  diftributed  to 
every  one,  fo  that  from  all,  one  as  it  were  makes  chef  efiftance 

fit  to  overconie  the  weight.  : 

Secondly,  ’Tis'  to  be  obferved,  that  fome  Engins  may  mover, 
a  weight,  or  alfo  take  it  up  to  fome  height,  and  y et  notwith- 
ftanding  of  it  felf  cannot  move  it  to  any  further  height,;  fuck;, 
are  the  wedge  and  the  leaver,*  the  firft  of  them  fervmg  only  for; 
cleaving,  but  the  fccond,  if  it-  be  immediately  applied  go-  a, 
weight,  ’tis  manifeft  that  it  can  raife  it  but  a  little  height  ,* 
Wherefore  as-  need  requires,  it  behoves  us  to  ufe  diverts 
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of  Engines  3  but  if  toothed  wheels,  or  fcrews,  immediately 
fuftain  a  weight  in  the  fame  manner  that  we  have  declared 
•above,  it  acquires  greater  force,  and  will  move  the  weight  to 
a  greater  height  5  alfoif  a  weight  be  immediately  faftncd  to  a 
ferew,  it  cannot  raife  it  to  a  greater  height  than  the  length 
■of  the  ferew  :  wherefore  the  ferew  hath  this  conveniency 
that  his  firm  and  fit  to  fuftain  a  great  weight,  but  cannot 
take  up  a  weight  very  high:  But  on  the  contrary  ,  the 
-Pulley  and  Axis  in  Peritrochio  can  raife  any  weight  to  amt 
height. 

Thirdly,  In  any  cafe  which  may  bepropofed,  refpedi  mull 
he  had  to  the  power,  together  with  the  weight  which  it 
'Ought  to  move,  that  an  Engin  be  chofe  which  fatisfies  the  in¬ 
tended  end,  for  if  the  power  abound,  his  in  vain  to  multiply, 
or  augment  the  Engin,  yea,  with  the  Iofs  ot  much  time  :  For 
-as  much  as  the  more  the  Engin  is  compounded,  the  more 
time  is  bellowed  in  the  motion  of  the  weight:  On  the  con¬ 
trary,  it  may  happen,  that  fuch  an  Engin  may  be  chofe, 
■by  whofe  means  the  weight  cannot  be  moved  1 ay  the  power 
propofed,  or  not  without  a  great  deal  of  trouble.  Where¬ 
fore  according  to  the  rule  fhewn  before  (to  wit,  the  power 
•mull  be  increased  in  the  fame  proportion,  that  the  velocity  of 
the  motion  of  the  power,  hath  to  the  velocity  of  the  motion 
of  the  weight)  Fir  ft,  you  mull  obterve  how  much  weight  the 
power  of  it  felf  can  raife,  or  move,  without  an  Engin,  then 
from  the  known  weight  which  is  propofed  to  be  moved,  it 
will  be  eafie  to  determine  what  kind  of  Engin  is  required  • 
where  note,  refpedl  muil  be  had  to  the  proportion  of  the 
weight  of  the  Engin,  and  chiefly  to  the  refiflarxe  of  it,  which 
ariles  from  its  parts,  rubbing,  or  wearing,  againll  each  other, 
for  there  are  fome  Engins  which  make  Email  refinance  to  the 
.power,  gs  Axis  in  Peritrochlo ,  where  there  is  no  other  rubbing 
or  wearing,  but  in  its  two  Poles  3  alio  the  leaver  makes  no  re^ 
fiftance  by  rubbing  3  bur  the  ferew  becaufe  of  its  many  fpircs 
refills  much,  and  cfpecially  if  the  fpires  be  not  very  fmooth, 
and  thexonvex,  and  the  concave  do  not  exa&ly  anfwer  each 
other  3  in  like  manner  the  Pulley,  the  more  wheels  it  confifis 
of,  the  more  motion  it  refills,  becaufe  of  the  multiplicity  of 
Axes,  which  rub,  or  wear  the  Poles. 

Fourthly,  Obferve  in  any  Eugin,  the  Wedge  excepted,  (of 
which  by  and  by)  another  Engin  may  be  joyned  to  encreafe 

its 
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ks  force,  fo  to  the  leaver  we  may  apply  Axis  in  Verhrochio , 
likewife  we  may  add  the  fame  to  the  Pulley.  Laftly,  We  in- 
creafe  the  force  of  the  leaver,  by  adding  the  Screw  :  Alfo  the 
head  of  the  leaver  may  be  elevated  by  the  Wedge,  yea,  ’tis 
oft-times  ufeful  to  lay  under  the  leaver  a  firm  and  lolid  body, 
then  between  it  and  the  head  of  the  leaver,  the  Wedge  is 
thruft  and  drove  in. 

Fig.  9,-.  Pulleys  are  not  wont  to  be  immediately  applied  to 
the  leaver,  for  although  the  rope  A  D  of  the  Pulleys  may  be 
ft  lined  to  the  leaver  C  E  in  D,  and  by  deprelfing  the  head  of 
the  leaver  E  may  draw  downward,  notwithftanding,  becaufc 
this  motion  cannot  be  continued  any  further,  therefore  inftead 
of  the  leaver,  Axis  in  Peritrochio  is  wont  to  be  ufed,  which 
hath  the  proportion  of  the  perpetual  leaver,  as  is  faid  above,, 
for  the  fame  reafon  the  Screw  is  not  added  to  Pulleys  ,  for 
although  this  may  draw  the  rope  a  little  more,  yet  the  weight 
is  thereby  only  but  little  raifed  ,  wherefore  this  artifice  may 
be  ufeful  in  cafe  the  weight  were  to  be  raifed  but  little  from 
the  earth  ;  laftly,  the  Wedge  can  in  no  wife  help  the  Pulley 
being  immediately  applied. 

The  leaver  may  beneficially  be  added  to  the  Screw,  yea, 
without  the  Leaver,  the  Screw  is  not  wont  to  move,  as  is  obfer- 
ved  before,  it  may  alfo  ufefully  be  added  to  Axis  in  p  eritrochio. 
Alfo  the  Screw  may  be  helpt  by  Pulleys,  but  they  are  feldom 
ufed,  and  the  motion  is  but  final!,  as  appears  by  confideration. 
But  no  manner  of  force  is  acquired  from  the  Wedge,  lir.ce  it 

is  not  applicable  to  it.  . 

The  Wedge  only  feems  not  to  acquire  force  by  means  of 
other  Engins,  for  ’tis  not  moved  by  the  force  of  any  Pulleys, 
or  Cranes,  as  other  Engins  are,  but  only  by  percuffion  : 
Wherefore  that  the  Wedge  may  acquire  greater  force,  it  be¬ 
hoves  to  find  a  proportion,  whereby  a  greater  percuifion  ap¬ 
pears  ;  and  this  alfo  may  better  be  done  by  other  Engins,  to 
wit,  if  fome  great  Iron  weight  made  in  the  fafhion  of  feme 
Hammer,  be  lifted  up  by  the  Engin,  and  then  falling  by  its 
weight  on  the  Wedge,  it  forces  it  in ,  but  efpccially  by 
the  Leaver  A  B,  whofe  Prop  is  C  ,  if  to  the  end  A,  Fig.^6. 
there  be  fitted  a  great  Iron  Hammer,  or  Beetle,  which 
being  elevated  by  the  turning  of  the  wheel  G  from  F  towards  E, 
for  if  the  wheel  be  fitted  with  Pins,  while  thefeare  born  down, 
they  hit  againft  the  end  of  the  leaver  B,  and  together  with 

R  that 
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that  deprefling,  they  take  up  the  hammer  A,  which  by  its 
weight  falling  again  drives  the  Wedge  D :  And  the  wheel 
G  may  be  moved  by  a  multiplied  proportion,  or  by  other 
wheels  annext  to  the  fame,  or  by  a  capftand,  or  any  other 
way  :  Commonly  in  Smiths  Workfhops  his  moved  by  the 
force  of  water  falling  on  the  little  boards  of  another  greater 
wheel,  fixt  to  the  fame  Axis. 

Hence  it  appears,  by  what  artifice  Engins  are  to  be  coupled, 
or  join'd  together,  and  what  is  to  be  obferved  in  their  com¬ 
bination,  or  complication,  according  as  there  is  need  of  grea¬ 
ter,  or  Jeffer  motion,  for  the  railing  of  heavier,  or  lighter 
weights. 


Engin  V\. 

Fig,  97.  Hfp'HE  Capftands,  or  Windlaees,  which  obtains  a 
1  vertical  lite  are  of  great  ufe,  becaufe  that  thev 
maybe  moved  only  by  Animals,  or  Cartel,  which  alone  pro¬ 
perly  and  vigorously  move  with  an  Horizontal  motion  3  ne- 
verthelefs,  it  hath  this  inconveniency,  that  one  weight  being 
raifed  up,  the  Engin  ought  to  be  turn'd  about  with  a  con¬ 
trary  motion,  and  To  much  time  will  be  loll,  while  the  Horfe 
is  fitted  for  the  oppofite  part ;  therefore,  to  Shun  this  incon- 
veniency,  let  the  Engin  be  compoled  of  two  windlaees  A  B, 
CD;  to  the  Horizontal  one  of  them,  fallen  ropes  with  two 
Buckets  (as  for  example J  to  draw  water,  or  raife  another 
v/eight,  fo  that  while  one  Vefiel  afeerds  full,  the  other  may 
defeend,  you  mu/t  fit  to  the  Axis  of  the  fame  wind  lace,  two 
toothed  wheels,  or  tympanes  G  and  H,  beneath  the  toothed 
wheels,  let  there  be  another  windlace  C  B,  furnifht  with  ano¬ 
ther  Tympane,  or  Horizontal  wheel  G  H,  which  fuppofe  to 
lay  hold  on  the  wheel  G,  while  the  weight  E  is  railed,  and 
the  empty  vefiel  F  defeends  5  then  the  weight  E  being  raifed. 
move  forward  a  little  the  tympanes,  or  wheels  G  and  H,  to¬ 
wards  B,  that  the  tympane,  or  wheel  G,  may  forfake  the 
teeth  of  the  wheel,  and  thefe  may  be  implanted  to  the  other 
tympane,  or  wheel  B,  which  may  eafily  be  done  feveral  ways; 
lor  id  the  windlace  A  B  will  be  turned  on  the  oppofite  pa  it* 
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and  while  the  weight  F  afcends,  the  veffel  F.,  being  emptied 
in  the  mean  time,  will  defcend,  and  they  will  always  afcend 
and  defcend  alternately,  or  by  turns  3  alfo  if  the  power  (fuppofe 
a  horfe )  be  applied  to  the  end  I,  of  the  leaver  I  L,  it  will 
turn  about  to  the  fame  part  continually. 

Or  the  tympanes,  or  wheels  G  H,  may  eaiily  be  fitted,  fo 
that  always  either  may  be  ingrafted  to  the  oppofite  teeth  of 
the  fame  wheel  C  ;  but  neverthelefs,  they  mu  ft  be  made 
movable  about  the  Axis  A  B,  yet  fo,  that  by  means  of  the  Pin, 
or  the  fmall  leaver,  N  and  M  may  eafily  be  joined  with  the 
Axis,  or  Wind  lace,  as  often  as  you  pleafe,  for  io  by  alternate 
force  one  tympane  or  wheel,  which  fhall  be  firft  made  firm  in 
the  Axis,  by  help  of  the  leaver,  refilling  the  moving  wheels 
will  move  the  windlace,  and  take  up  the  weight,  while  the 
other  free  from  the  pin,  will  obey  the  moving  wheels  in  like 
manner,  as  if  it  were  not. 

But  if  you  would  apply  men  to  the  vertical  capftand,  or 
windlace,  fince  thefe  are  eafily  fitted  to  the  contrary  part,  af¬ 
ter  the  weight  is  raifed ,  yea,  they  may  commodioully  turn 
about,  left  they  fhould  be  giddy  with  the  motion  always  one 
way,  you  may  fit  a  double  veffel  to  draw  water  in  the  fame 
manner,  as  appears  in  Fig.  98. 

Moreover  a  windlace  in  a  vertical  fite,  if  it  be  fitted  either 
of  the  forefaid  ways,  it  will  much  better  perform  the  effeeff, 
than  a  wheel,  or  a  crane,  which  many  ufe  not  without  danger 
of  their  lives,  for  if  a  rope,  as  it  fometimes  happens,  fhould 
break,  thofe  which  turn  the  wheel,  from  the  great  force  pre¬ 
conceived,  are  thrown  out  of  the  wheel,  which  cannot  hap¬ 
pen  in  a  vertical  windlace. 

This  fame  windlace,  or  capftand,  Seamen  ufe,  to  bring  in 
great  weights  into  their  Ships,  alfo  to  draw  up  their  Anchors  y 
in  which  Engin  this  is  to  be  noted,  that  becaufe  the  Cables  are 
fo  thick,  that  if  they  were  many  times  wound  about  the  wind¬ 
lace,  or  cylinder  A  B,  in  Fig .  99.  the  Engin  would  be  rendied 
ufelefs  j  therefore  they  only  receive  3  or  4  Spires  of  the  rope 
about  the  cylinder,  fo  that  while  one  end  of  it  C,  is  turn’d 
about  the  windlace,  the  other  end  D  is  thrown  away  ;  and 
that  the  rope  fhould  always  confift  in  the  middle  of  the  cy¬ 
linder,  the  cylinder  mull  be  made  in  the  manner  of  a  Cone, 
broad,  or  thick  in  the  bottom,  as  you  fee  in  the  figure  ;  and 
by  this  means  the  rope  will  always  be  kept  in  the  middle. 

R  %  Engin. 
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Engi  n.  VI. 

To  remove  a  Mountain ,  or  heap  of  earthy  from  one 
place  to  another  eajily  and  auickjy 


Fig.  i  oo.T  ET  the  Mountain,  or  Hill,  or  heap  of  Stones  be 
JLr  A,  to  be  removed  to  the  place  B  5  to  have  time 
in  going  and  returning  from  one  place  to  the  other,  as  alfo, 
that  the  motion  whereby  the  Earth,  or  Stones,  is  transferred 
from  A  to  B  may  be  fwift,  we  may  make  ufe  of  the  following 
induftry:  Ere&at  the  foot  of  the  Mountain,  or  in  its  middle* 
a  great  andfolid  wooden  column,  or  piece  of  timber  CD, 
and  ere6t  fuch  another  in  B,  viz..  E  F,  affix  at  top  of  each 
piece,  or  column,  the  wheels  D  and  F,  and  make  hollow  each 
wheel  in  the  circumference;  and  put  about  them  a  great  ftrong 
rope,  extended  parallel  to  the  Horizon  But  if  the  difiance 
fiom  A  to  B  be  great,  leaf!  the  rope  fho  ulcr  be  too  much 
flretchtor  bent,  raife  other  fuch  like  pieces,  or  columns  in  the 
middle,  with  their  wheels  made  hollow  as  aforefaid  ,  to 
fuftain  the  rope  parallel  to.  the  Horizon  ;  on  the  rope  thus 
doubled,  here  and  there  hang  baskets,  which  muft  be  fo  far 
difiant  from  each  other, rthat  they  hinder  not  one  another  •  and 
the  ends  of  the  pieces  mull  be  fo  placed,  that  the  power  ap¬ 
plied  to  the  leavers  G  and  H,  may  be  turn’d  about  their 
Centres ;  for  fo  the  whole  Rope  with  the  Baskets  hanging  on. 
if, will  be  turn’d  about  fuccefllvely:  Wherefore, if  men  keep  fil¬ 
ling  the  baskets  in  A,  and  others  unload  them  in  B,  the 
whole  hili  will.be  eafiiy  transferred  from  A  to.fi. 

Where  Note,  That  the  greater  the  wheels  D  and  Fare,  the- 
fwifter  the  rope  and  baskets  will  be  turned  about :  Which  mo¬ 
tion  about  the  axis,  or  piece  of  timber  being  eafie,  may  be  ac- 
compliffit  by  means  of  fhort  leavers,,  that  fo..  the  motion  of 
the  baskets  may  be,  greater  than  the  motion  of  the  power 
about  the  piece  of  the  timber.  Befides  the  having  of  labour 
and  the  gaining  of  time,  which  is  effected  by  this  Engin,  it 
hath  likewife  this  conveniency,  that  if  between  the  two-  places , 
A  and  B,  there,  fhould  be  a  river,  or  ft  team,  or  fuch  like  in,. 

acceflifaley. 
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accefTible,  as  if  the  Earth  were  to  be  transferred  from  a  Mound, 
or  Hill,  to  the  next  adjoining  Fields,  and  there  were  a  large 
deep  Mote,  or  Ditch,  between  them,  you  could  fcarcely  ob¬ 
tain  your  delire  any  other  way. 


Engin.  VIL 

To  draw  Water ,  or  Miner al  matter s ,  out  of  deej?  Wells r 

or  Pits. 

e  .  .■  f  ;  •  •  •  T  -  .  f 

^  f  r  \  T  r  .  r  ¥  ;  i 

Fig.  to  1.  Forge  Jgricola  defcribes  five  divers  Engfns,  in- 
VJ  vented  and  ufed  to  this  end,  in  his  6th  book 
of  Minerals  3  the  firft  3  whereof  are  wrought  by  men,  the 
other  two  are  turn’d  about  by  horfes,  in  all  of  them  he  ufes 
a  double  Bucket,  or.  Basket,  one  of  which  being  empty  de.- 
fcehds,  while  the  other  being  full  israifed  up  3  in  thefe  Engins^ 
if  the  Pits  be  deep  there  is  this  inconveniency,  that  when  the 
double  rope  is  of  fuch  length,  as  the  depth  of  the  Well,  it  is' 
necefTary  that  it  be  rurn’d  about  every  where  on  the  Axis  of 
the  wheel,  and'  it  will  take  up  much  fpace  on  the  Axis,  and; 
require  the  Axis  to  be  the  longer  3  and  by  how  much  thicker 
the  rope,  is,  the  Axis  requires  to  be  the  fmalfer  3  whence  it 
will  happen,  if  the  Well  be  not  broader  than  the  whole  fpace 
of  the  Axis,  on  which  the  rope  winds  about,  the  Buckets,  or 
Baskets,  will  hit  again  ft  the  Tides  of  the  Well,  and  retard  the. 
motion  3  but  if  you  .make  the  Axis  thicker,  there  will  be  few¬ 
er  circumvolutions  of  the.  rope,  and  it  will  occupy  a  le/Ter. 
part  of  the  Axis,  but  then  it  will  require  a  greater  force  of; 
the  powder  to  raife  the  weight,  or  wheels  much  greater,  to, 
which  the  immediate  power  is  applied  3  moreover,  that,  which, 
makes  to  the  prefen t  thing,  and  is.  of  greater,  moment,  is,, 
chat  the  motion  whereby  the  weights  afeend,  is  for  the  moftf. 
part  very  flow  3  wherefore  we  will  deferibe  this  Engin,  by 
whofe  help  the  weight  is  raifed  with  a  motion  doubly  fwifter.; 
than,  the  motion  of  the  power.  For  let  there  be  a  wooden. 
Cylinder  A  B,.  eredted  perpendicularly,  turning  eafily  on  its  . 
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poles,  on  whofe  head  fit  a  little  wheel  A  equipped  with  final! 
cylindrical  Haves,  being  a  kind  of  cog  wheel,  but  in  the 
middle  let  it  be  fitted  with  a  leaver,  ora  double  one  C  C,  to 
which  the  power  is  to  be  applied  :  And  we  will  fuppofe  the 
power  any  way  applied  in  C,  the  circumvolution  of  this  Cy¬ 
linder  to  move  circularly  through  the  circumference  of  fix 
feet,  fo  that  four  turnings  round  finifhes  24,  feet 4  and  in  the 
fame  time  by  means  of  the  little  wheel  A,  the  wheel  D  E  too 
finifhes  a  circuit  by  only  one  turn  4  but  the  wired  F  G  is 
turned  fix  turns,  or  times,  and  then  the  Axis  H  I  is  moved 
quadruple  of  the  wheel  G,  to  wit,  it  makes  24.  turns,  or 
circumvolutions  :  Wherefore,  if  the  Cylinder  I  H  fon  which 
the  rope  whereon  the  baskets  are  faftned  winds  about)  be  of 
inch  a  thickneis,  that  in  its  going  round,  or  periphery,  kis 
equal  to  2  feet,  the  basket  will  afcend  48  feet,  viz,,  by  a  mo¬ 
tion  doubly  fwifter  than  the  motion  of  the  power  applied 
in  C-  -  ' 

Perhaps  Tome  may  fay,  that  fo  many  multiplications  of 
wheels  is  not  neceflary,  if  fq  be  the  fame  proportion,  whereby 
the  velocity  of  the  motion  ofuiie  weight  increafes,  or  of  the 
baskets,  above  the  velocity  of  tile  motion  of  the  power,  a 
.greater  power  aifo  ought  to  be  applied  :  Whererore,  when  the 
■velocity  of  the  weight,  is  greater  than  the  velocity  of  the 
power,  it  may  be  obtained  by  means  of  one  wheel  only,  all 
the  reft  are  ufed  in  vain. 

I  anfwer,  that  is  true  indeed,  in  fpeaking  Mathematically  • 
but  Phyfically,  and  in  Practice  the  thing  is  other- 
Fig.  102.  wife,  which  may  be  feen  at  the  fird  view  4  for  if 
the  power  be  applied  immediately  to  the  Radius’s 
A,  B,  fo  that  it  move  the  Cylinder  C  D,  with  a  motion 
doubly  greater  than  the  motion  of  thofe  radius’s,  or  of  the 
power  it  felf,  the  power  is  more  tired  4  but  lefs,  if  the  other 
wheels  aforefaid  come  between,  or  being  difpofed  in  any 
other  like  manner,  fo  that  the  circle  which  the  power  de- 
icribes  by  its  motion  be  greater  :  The  reafon  whereof  may 
be  twofold,  the  fil'd  is,  becaufe  when  in  this  circular  motion, 
the  power  being  applied  to  the  radius,  the  radius  hath  the 
proportion  of  a  perpetual  leaver,  and  the  leaver  as  is  faid  be¬ 
fore  >  is  changed  in  each  point  of  the  Circle,  alfo  the  motion 
of  the  line  of  direction, y  that  is  to  fay,  according  to  which 
the  power  imprefles  the  force  to  the  leaver)  ought  continually 

to 


Book  V 11.  Mechanic  ^Powers.  127 

to  change,  fince  it  ought  always  to  be  perpendicular  to  the 
leaver  ;  and  his  insnifeft,  that  a  power  cannot  exadtly  every 
moment  change  the  direction  of  its  force,  fo  that  any  force 
/hall  be  according  to  a  tangent  line  of  its  circle,  for  as  much 
as  force  recovers  by  turns,  fo  Im  fetus  imp  relies  often  times  by 
turns,  that  therefore  the  whole  bn  fetus  cannot  be  guided  to 
divers  lines ;  therefore  fence  neceffarily  this  imperfection  of 
Impetus ,  fubffls  in  every  animated  power  (of  which  only  we 
are  here  (peaking)  then  the  motion  will  be  the  eafier,  where 
the  power  fuffains  leaf!  of  this  im  perfection :  But  this  imper¬ 
fection  is  leffer,  if  the  motion  of  the  power  be  circular,  or 
the  motion  of  the  circle  be  greater  3  if  fo  be  in  a  greater 
circle,  the  deflexion  from  a  perpendicular  line,  or  tangent,  be 
always  Idler,  furely  in  going  about,  we  move  more  ealily  by 
a  greater  circle,  than  by  a  lefs,  as  appears  manifeflly  in  the 
practice  of  horfes  going  about,  for  as  much  as  while  they  con-, 
t'inually  bend,  and  endeavour  to  make  a  new  line  of  motion, 
they  are  much  tired. 

The  fecoad  reafon  is.  becaufe  as  appears  in  the  faid  Engin, 
Fig.  10  r.  the  motion  of  the  parts  of  the  Engin  decreafes,  even 
to  the  wheel  F,  which  is  again  moved  more  fwifr  by  the 
wheels  E  and  D,  and  alfo  effects  a  fwifter  motion  in  the  Axis 
I  H,  and .  in  the  weight  bound  to  the  rope  :  For  from  this 
decreafe  of  fwiftnefs,  even  to  a  certain  limit  of  the  Engin, 
and  again  from  a  new  increafe,  even  to  the  end  of  the  fame 
Engin,  and  to  the  weight  it  (elf,  it  comes  to  pafs,  that  the 
power  differs  the  lefs  ref  fiance;  I  fay,  the  fuccdlive  com- 
prellion  of  the  parts  of  the  Engin,  or  the  endeavour  of  the 
Impetus  is  propagated  from  the  power  towards  the  weight  5 
and  fince  the  motion  is  more  flow  about  the  middle  of  this 
Engin,  than  in  its  other  parts,  there,  after  a  certain  manner, 
is  the  ref llance  of  the  weight  gathered  together,  that  there¬ 
fore  the  power  may  fuller  the  lefs  from  this  chiefly,  becaule 
the  direct; an  of  Impetus  from  the  power  towards  the  weight 
often-rimes  coming  uniookt  for  from  new  Impetus's ,  neceffarily 
profecutes  its  Journey  towardsthe  weight,  nor  cannot  reflect  it 
towards  the  Power, 
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To  apply  a  wheel  to  the  precedent  Engm0  and  to  others 
of  the  like  kjndj  by  means  whereof  the  power  is  eafed* 


BEcaufe  the  Engin  laft  defcribed,  and  all  others  of  the  like 
nature,  for  the  moll  part  require  the  power  to  be  iuffi- 
ciently  ftrong,  in  as  much  as  it  ought  to  produce  in  the  mo¬ 
vable,  a  fwirrer  motion  than  the  motion  which  moves  it 
therefore  no  Induftry  mu  ft  be  ommitted,  whereby  the  power 
may  by  fome  means  or  other  be  helpt,  or  lefs  tyred.  And 
that  will  beft  be  done  by  adding  a  wheel  of  fome  heavy  matter, 
and  altogether  folid  to  the  Engin,  as  if  to  the  Axis  A  B  of  the 
precedent  Engin,  there  be  faftned  an  immovable  wheel  made 
of  Stone,  L  N,  parallel  to  the  Horizon  :  For  although  at  firft 
light  it  feems  rather  be  be  an  impediment,  never thelefs,  it  ap¬ 
pears  by  experience  to  add  much  to  the  acceleration  of  the  mo¬ 
tion,  with  lefs  tyring  of  the  power 3  for  if  it  be  exactly  in  Equi¬ 
libria,  fo  that  the  Axis  pafs  precifely  through  the  Centre  of  gra¬ 
vity  of  the  Stone  Wheel,  it  will  refill  its  circular  motion 
little  or  nothing,  as  from  what  is  faid  may  be  ealily  gathered, 
and  as  it  clearly  appears  from  what  hath  been  faid  of  circular 
motion  3  but  from  another  original,  whence  once  it  hath  con¬ 
ceived  an  Impetus,  it  retains  it  long  in  it  felf,  and  the  more,  by 
how  much  the  heavier  it  is,  fo  that  for  fome  fpace  of  time  it 
will  move  other  wheels  and  the  weight,  by  only  that  Impetus 
conceived  at  firft,  without  any  new  impreftlon  from  the  Power  3 
whence  it  happens,  that  although  the  power  ceafe  for  a  little 
time  from  imprefting  a  new  Impetus ,  or  at  leaft  doth  not  ex¬ 
ert  its  force  always  uniformly,  or  produces  an  unequal  Impetus  3 
neverthelefs  the  Impetus  conceived  by  that  wheel,  ceafesnot  to 
propigate  further,  and  reduces  that  inequality,  or  deformity, 
to  fome  kind  of  uniformity  and  equality,  which  how  much 
his  in  the  prefent  affair  may  ealily  be  collected  from  what  hath 
cbeen  faid  before. 

But  now  obferve,  this  kind  of  wheel  may  be  fitted  to  the 
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Engin  in  divers  parrs,  and  fundry  ways ;  and  firft,  as  to  that 
which  pertains  to  divers  parts  ;  his  manifeft  in  the  Engin  now 
defcribed,  that  it  may  be  applied  either  to  the  Axis  or  Cylinder 
A  B,  or  to  the  Axis  E  N  of  the  fecond  wheel,  or  to  the  Axis 
F  G  (in  which  cafe  it  will  have  another  flte,  or  pofition,  viz.. 
perpendicular  to  the  Horizon,  or  vertical,)  or  laftly,  it  may  be 
placed  alfo  to  the  Axis  H  I :  Wherefore  ’tis  queftionable  what 
place  it  ought  to  be  fixt,  to  perform  the  beft  effect  I  fay, 
then  it  will  perform  the  beft  effect,  if  if  be  placed  there  were 
the  greater  force  of  Impetus  is  gathered  together,  to  wit,  in 
that  part  of  the  Engin,  which  ought  to  move  1110ft  fwift ;  for 
iince  it  better  obtains  its  end  by  conceiving  a  greater  Impetus  ^ 
a-ndfince  by  reafon  of  more  gravity,  his  capable  of  more  Impe¬ 
tuses  plain  that  it  muft  be  placed  there,  where  the  greateft  Jw- 
petus  is  conceived  :  From  hence  it  is  that  in  the  Engin  defcribed 
above,  his  better  placed  in  the  Axis  I  H,  than  in  the  Axis 
GF,  becaufe  that  is  moved  fwifteft  :  And  better  in  the  Axis 
G  F,  than  in  the  Axis  A  B,  becaufe  while  the  Axis  G  F,  is 
turn'd  round  fix  times,  the  Axis  A  B  is  turned  only  4  times  j 
Laftly,  his  better  placed  in  the  Axis  A  B,  than  in  the  Axis 
E  N,  fince  this  is  turned  fioweft  of  all.  But  when  his  placed 
in  Engins,  whofe  parts  rhe  further  they  are  from  the  power, 
are  moved  flower  and  flower  as  fome  are,  this  wheel  will  be 
more  conveniently  placed  to  the  firft  part  of  the  Engin,  to 
which  the  power  is  immediately  applied.  But  contrariwife 
in  thofe  Engins  in  which  the  motion  is  fwifter,  the  more  the 
parts  are  diftant  from  the  Power,  the  wheel  muft  be  fitted  to 
hindmoft  parts,  agreeing  with  the  more  remote  parts  from 
the  power. 

Aifoobferve,  wherefoever  the  forefaid  wheel  is  placed,  it 
ought  to  be  the  more  heavy,  by  how  much  flower  it  ought  to 
move ;  but  if  it  be  placed  where  it  moves  fwifrly,  a  lets  pro¬ 
portion  of  weight  will  ferve:  For  as  much  as  it  appears  from 
the  dddtrine  of  circular  motion,  that  the  heavieft  wheels  main¬ 
tain  the  impreft  Impetus  longeft,  although  they  are  moved 
flower  than  the  wheels  that  are  lighter,  which  lighter  wheels, 
if  an  equal  Impetus  be  impreft  they  move  fwifter,  but  fooner 
part  with  or  ioofe  the  Impetus. 

Moreover,  l  obferve,  and  I  propofe  it  as  a  new  invention 
in  this  matter  of  great  moment,  that  his  poffible  by  means  of 
this  wheel,  to  promote  the  celerity  of  the  motion  much  in 
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the  movable,  or  thing  moved,  but  adds  but  little  to  the 
power. 

Fig.  103.  For  let  the  Power  be  applied  in  H,  which  moves 
the  Axis  A  B,  and  by  that  means  the  wheel  B  C,  the  wheel  D5 
and  at  laft  by  the  help  of  this,  the  little  wheel  E,  with  the 
axis  El,  to  which  the  rope  is  faftned,  and  turn’d  about,  that 
takes  up  the  weight,  or  for  any  other  ufe.  In  thisEngin  you 
fee  the  motion  always  accelerated  from  the  power  towards  the 
weight,  or  the  Extream  part  of  the  Engin  E  I  :  If  therefore 
yhere  be  ingrafted  to  the  Axis  E  l,  a  wheel  of  an  indifferent 
weight,  but  yet  large  as  F  G,  this  from  what  hath  been  faid 
will  notably  promote  the  Celerity  of  the  motion,  fo  that  the 
fame  power  may  be  effect,  a  fwifter  motion, ufing  only  the  fame 
power  with  this  wheel  than  without  Jt :  Now  therefore,  iincc 
the  Impetus  once  conceived,  may  eafily  be  continued  by  this 
wheel,  fome  power  being  added  immediately  to  it,  which 
either  continually,  or  at  lead  now  and  then,  and  often  will 
renew  that v conceived  Impetus:  Example,  a  rivulet  of  water 
falling  from  on  high,  on  the  little  boards,  or  rather  bucket  of 
this  wheel,;  if  will  come  to  pafs,  that  how  little  foever  this 
impulfebe,  while  b  is  in  a  manner  continual,  or  at  leak  often, 
itofwith handing  being  added  to  the  impulfe  already  conceiv¬ 
ed  from  the  great  wheel  tp  this  wheel,  and  fo  alfo  to  the  mov¬ 
able,  it  effects  the  Celerity. 

Secondly,  The  forefaid  wheel  may  be  placed  ekf  ler  in  a 
perpendicular  axis,  fo  that  if  may  obtain  an  Horizontal  fite,  as 
Is  feen  in  the  foregoing  Figure*  ,  or  in  an  Horizontal  axis,  fo  -, 
that  it  rnay  obtain  a  vertical  fife  or  perpendicular  to  the  Hori¬ 
zon*  as  in  theprefent  Figure:  And  although  in  order  to  mo¬ 
tion,  ,tb e  facility  differs  little,  which  way  of  the  two  you  1 
place  it  ;  notwithftanding,  I  efteem  it  more  neceifary  to  be, 
placed  jn  a  vertical  fife,  becaufe,  when  in  this  cafe,  the  axis  • 
to  which  his  applied  he  cellar  ily  ought  to  be  Horizontal,  the 
weight  it  felf  of  the  wheel  lies  on  two  Poles,  and  fo  being  di¬ 
vided  between  two,  each  Pole  Puffers  lefs  compreifion,  and  the 
refiftance  is  lefs  which  arifes  from  the  wearing,,  or  rubbing  of: 
the  fame  Poles :  But  if  it  be  placed  on  a  perpendicular  axis, 
the  whole  weight  of  the  wdieei  lies  on  one  Pole,  1%.  .the 
la  weft,  it  may.' teem  to  retard  the  motion  of  the  other  wheels.  : 
Neverthelefs,  becaufe  that  very  often  the  motion  of  the  axis 
a&uWOht  to  be  made,  in  a  perpendicular  fite,  bearing  on  the 
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middle  part  of  the  lower  Pole,  they  fharpen  it  fo,  that  the 
whole  weight  is  born  on  a  fmall  part  of  the  Cavity,  that,  as  I 
have  faid,  therefore,  the  wheel  may  move  the  others  with  more 
eafe. 

Laftly,  The  fame  wheel,  of  which  we  are  fpeaking,  may 
be  ufeddoubly  in  a  vertical  lire  :  Pirft,  fo  that  it  Hand  wholly 
bang’d  up  in  the  air,  and  equilibriated,  as  in  the  preqeeding 
Engin.  Secondly,  So  that  it  inlift  or  Jland  on  the  fubjedled 
pavement,  and  turn’d  about  upon  it  j  in  which  cafe  it  hath 
alfo  more  force,  than  if  it  were  fufpended  wholly  in  fome 
axis :  But  the  Pavement  ought  to  be  made  level  and  plain,  and 
folid,  as  of  polifht  marble,  or  fuch  like  matter,  and  the  cir¬ 
cumference  of  the  wheel,  which  immediately  .touches  the 
pavement,  ought  to  be  exadily  turned,  that  no  impediment 
retard  the  motion.  So  the  wheel  A  B  being  applied 
to  the  extream  part  of  the  leayer  CD,  to  which  Fig.  104, 
leaver  in  like  manner,  apply  a  power  moving  the 
Cylinder,  or  AxisDE,  and  by  this  means,  the  wheel  E,  and 
oftentimes  other  wheels, for  while  the  Cylinder  is  turned  about 
by  the  Leaver,  the  Wheel  A  B,  roles  about  its  Leaver,  lean¬ 
ing  on  the  pavement,  and  from  a  double  motion,  to  wit,  one 
about  its  Centre,  or  about  the  Leaver  C  D,  which  isinftead 
of  an  Axis,  and  the  other  about  the  Cylinder  D  E,  while  it 
runs  out  from  B  to  F y  &c.  And  in  this  manner,  it  may  be  ap¬ 
plied  almoft  to  all  Engins,  but  efpecially,  to  thofe  with  which 
we  ufe  to  move  great  weights.  And  the  greater  this  Wheel 
is,  ,  the  better  it  performs  the  effedt,  fo  that  the  weight  be  in 
proportion  to  thepower  applied. 
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Engin.  IX. 

To  raije  the  Water  of  a  Fountain  always  flowings 
to  any  height 0  by  a  Voluntary  motion y  although  the 
height  be  greater  than  that  to  which  the  Water  de- 
fcends . 

Fig.  'np'His  Invention,  if  you  entertain  the  perpetual" 
JL  motion,  eafily  fecures  to  it  felf  the  chiefeft. 
place :  For  *tis  eafie  to  draw  Water  by  a  voluntary  motion, 
to  a  greater  height  than  is  that  from  whence  the  Water  of  the 
fame  fountain  defcends,  as  is  manifeft  in  Spirital  Engins,  but 
to  give  it  a  continual  motion,  that  it  /hall  never  require  the 
hand  of  a  man,  this  without  doubt  deferves  great  praife. 

This  Engin  contains  two  buckets,  filling  them  from  the 
fountain,  of  which  while  one  afcends  the  other  defcends  con¬ 
tinually,  without  any  labour,  and  ferves  the  Water  for  Do- 
meftick  ufe  j  therefore  to  make  the  Water  afcend  to  a  fpace 
doubly  greater, than  is  the  fpace  of  theWater  defending, it  muft 
be  dilpofed  in  this  manner,  as  is  reprefcnted  in  the  Scheme, 

A  Is  a  Vefiel,  or  Idler  Bucket  which  afcend.  th,  this  being 
full,  weighs  lefs  than  the  Bucket  M  being  foil,  which  defcendsq 
but  being  empty  that  weighs  more  than  this  when  empty  ; 
Hence  his,  that  while  both  are  filled  together  from  the  vefiel, 
the  Bucket  M  defcends,  and  by  its  weight  draws  the  Buck¬ 
et  A.  up:  But  on  the  contrary,  while  both  together  are  emp¬ 
tied,  the  Bucket  A  defcends,  and  by  irs  weight  draws  up  the 
Bucket  IVL 

B,  Flaps  to  keep  the  Water  in,  tyed  with  a  firing  to  the 
leaver  D,  this  leaver  D  turning  eafily  about  the  Axis  C  crofs- 
wife,  while  the  Bucket  is  railed  up  on  high,  hits  againil  the 
piece  of  timber  Z  2,  and  opens  the  flap  B,and  gives  way  for 
the  Water,  to  pafs.  through  the  little  Pipe  E  into  the  Vefiel  X. 
The  laid  flap  B  being  fomewhat  large,  whereby  the  bucket 
may  be.  emptied. the  fooner  i  make  the  bottom  fomewhat  hol¬ 
low^ 
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low,  left  the  emptying  of  the  Bucket  any  way  hinder  ;  and  a- 
nointit  with  greafe,  that  the  Water  may  keep  in  the  better. 

G,  A  ftick  joined  to  the  bucket  a-crofs,ar,d  made  fart  to  the 
leaver  D, which  we  call  an  axis  a  little  before, becaufe  of  its  form. 

D,  A  Leaver  with  a  little  Wheel,  or  a  Pulley  annext 
to  its  top,  the  lower  end  of  which  leaver,  is  bound  to  the 
flap  B,  with  a  firing,  for  this  end,  that  while  the  Bucket  A, 
afcends  towards  the  piece  Z,  and  hits  againft  the  Leaver,  the 
flap  is  opened  and  the  Water  goes  forth. 

E,  A  little  Pipe,  or  final!  Tube,  joined  in  the  bottom  of 
the  Bucket,  fothat  it  anfwers  beneath  the  mouth  of  the  hole 
of  the  flap,  through  it  the  Bucket  is  emptied  within  the 
velel  X,  the  Orifice,  or  Mouth,  and  its  cavity,  are  not  lefs 
than  the  hole  of  the  flap  B. 

F,  Rings  on  both  tides  of  the  Bucket,  in  which  are  ingraf¬ 
ted  Iron  threds,  or  chords  G  G. 

G,  Iron  threds,  or  chords,  which  muft  be  firmly  extend¬ 
ed,  left  the  Bucket  in  going  and  coming  hit  againft  the  fide, 
and  efpecially  while  the  leaver  b  hits  againft  the  pieceZ. 

H,  A  round  piece  of  Timber,  to  which  the  faid  Iron 
Strings  or  Wyers  are  faftned,  which  Threds  or  Wyers  ought 
to  defcend  from  the  piece  Z,  even  to  the  piece  H  altoge¬ 
ther  perpendicular  ,  and  to  be  diftant  from  each  other 
Rich  a  fpace,  that  they  (train  not  the  Rings  that  are  fixt  to 
the  Buckets,  or  at  leaft  but  lightly,  that  fo  the  Bucket  may 
afcend  and  defcend  freely,  and  without  violent  wearing. 

I,  A  Rope  to  which  the  Bucket  A  is  faftned,  palling  over 
the'little  wheel,  or  pulley  K,  and  within  the  pulley  L,  and: 
from  thence  extending,  to  the  faftned  pulley  K  e,  to  whofe 

top  it  is  faftned.  , 

K,  A  Pulley  joined  to  the  piece  Z,  which  muft  be  large 
for  many  reafons,  and  a  hole  in  the  middle,  and  let  there  be 
a  fmall  Axis  palfing  through  the  hole,  which  will  bear  the 

weight  of  the  Bucket  and  Water. 

K  e,  A  fixt  Pulley,  that  is,  it  doth  not  turn  about,  its  Axis, 
but  is  immovable,  or  rather  a  fourth  pait  of  a  Pulley,  it. s  Semi- 
diameter  ought  to  be  equal  to  the  Semidiameter  of  the  Pulley 
K,  that  therefore  the  motion  of  the  Bucket  M,  may  remain 
uniform,  that,  is,  that  it  may  remain  always  in  the  fame  per¬ 
pendicular  •  otherwife  the  Rope  of  the  Bucket  M,  will  raze 
againft  the  Iron  threds,  or  chords  G  G,  and  fo  the  motion 
will  be  hindred.. 
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L,  Another  Pulley,  which  while  the  rope  I  draws  on 
both  iiues  caufes-  the  afcent  of  the  Bucket  A,  to  be  as  fwifc 
again  as  the  ddcent  of  the  Bucket  M,  and  therefore  that  runs 
double  the  (pace  in  the  fame  time  as  this ;  for  w  hich  caufe  the 
weight  of  the  Bucket  M  full  of  Water,  ought  to  be  as  much 
more  as  the  v/eight  of  the  Bucket  A  being  full  •  bur  on  the 
contrary,  the  Bucket  A,  although  it  be  leffer  than  the  Bucket 
M,  ought  to  weigh  more  than  it,  they  both  being  empty, 
notwithftanding  the  excels  ought  to  be  indifferent,  and  fo 
exa6t,  as  will  fuffice  that  the  Bucket  A  being  empty  in  de¬ 
scending,  may  draw  up  the  Bucket  M  being  empty. 

Af,  A  Veifel,  or  a  great  Bucket,  which  by  its  defcent 
draws  up  another  Idler  A,  it  hath  a  flap  B,  and  little  pipe  JE 
in  the  bottom,  rings  F  F  on  the  Tides,  Iron  threds  or  chords 
G  G,  as  the  former  Bucket  A,  neverthelefs,  the  leaver  is  ap¬ 
plied  in  a  divers  manner. 

N  ny  A  leaver  placed  upon  the  Bucket  M  a-crofs,  to  whofe 
^end  n  there  is  annexe  a  kick  n  a ,  hanging  or  dangling,  this* 
while  its  end  a,  defeending  with  a  bucket  touches  the  Earth, 
raifes  the  leaver  N  72,  and  opens  the  flap  B,  of  the  bucket  M, 
at  the  fame  time  in  Which  the  flap  B  of  the  bucket  A  is 
opened.  H 

Oi%  Two  ropes  faftned  above  to  the  bucket  M,  and  below 
.to  th't  piece  Y,  or  to  che  Earth,  to  the  end,  that  Mfhoujd  not 
afeend  beyond  its  due  limits,  nor  A  defeend  beyond  his  : 
i,  i,  3,  4,  &c.  are  leaden  weights  to  weaken  the  Impetus  of 
the  motion  in  the  defcent,  while  they  \ye  fucceifiyely  one  af¬ 
ter  another- onahe  earth,  and  ldfen  the  weight  of  the  bucket 
to  which  they  are  faflned ;  but  in  <afcen ding  while  they  are 
elevated  from  the  earth  one  after  another,  they  adjoin  new. 
weight  to  the  fame  bucket  ;  and  they  may .  be  more  or  lefs, 
according  as  is  needfary. 

F,  A  piece  laid- athwart  aAirde  aboveahe  bucket  M,  haying, 
a  hole  in  the  middle,  through  which,  :a  rope  paifes  freely 
without  rubbing,  to  which  -  the  bucket  is  faflned  even  to  the 
knot  -Qs  which  knot  when  it  comes  to  the  piece  P,  flays  the 
motion  of  the  bucket  >M,  and  hinders  it,  that  in  defeending 
it  da  Hi  not  againfl  the  earth,  nor  the  bucket  A  in  afeend  in  g 
hit  againfl  the  piece  2  2. 

The  knot  (poke  of  but  now7,  to  it  may  be  tyed  a  fluff 
a-crofs,  or  overt  h  wart,  which  may  ealily  be  looft  and  chang¬ 
ed  as  need  is.  F,  Ado- 
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Another  knot'  with'  a  ftafF  athwart, 
diflant  from  the  former  knot,  as  is  the  fpace  of  defcent  of  the 
bucket  M  almoft  tokhe  earth  3  this  knot  may  execute  the  of¬ 
fice  of  the  ropes  O  o,  if  the  weights  i ,  2,  3,  &c.  be.  net  necef- 
fary. 

5,  A  velfel  defignedto  receive  the  Water  from  the  •Foun¬ 
tain,  it  hath  a  flap,  and  a  little  pipe  in  the  bottom,  as  have  the 
Buckets  A  and  M,  nevenhelefs,  the  little  pipe  ought  to  Gail 
out  the  water  from  each  fide,  and  at  the  fame  time  almoft,  to 
ill  together  the  bucket  A,  and  the  bucket  M  3  and  becaufe 
thefe  buckets  are  of  divers- capacities,  the  {aid  two  little  pipes- 
ought  to  caft  out  an  unequal  quantity  of  water  from  the  vefiel 
S  :  This-  velfel  mu  ft  not  be  in  the  middle  between  the  two  buck¬ 
ets,  but  behind  after  them. 

TV  A  leaver  faftned  by  a  firing  or  rope,  to  the  flap  of  the 
Velfel  S  to  open  it  3  on  the  top  it  hath  the  table  /  adjoined,  that 
the  ftafF  V  may  hit  fecurely  on  it,  and  gaife  the  leaver. 

F,  A  ftafF  fixed  firmly  to  the  fide  oi  the  bucket  M,  with  a 
little  wheel  or  pulley  on  the  top  3  this '  when _  its  pulley  raifes 
the  leaver  T,  and  opens  the  flap  of  the  vefiel  S,  while  the 
buckets  are  filling,  the  bucket  M  defeends,  and  with  it  the  ftafF, 
V,  and  fo  the  leaver  T  is  let  down,  and  the  flap  of  the  vefleT 
S,  is  fhut  again,  until  the  veifels  are  emptied  below,  andabovej 
M  returns  back  with  its  arm  V,  and  raifes  the  leaver  T  again,  ., 
and  opens  the  flap  of  the  vtflel  S,  as  before. 

X,  A  vefiel  to  receive  the  water  of  the  bucket  A  :  This  vef- 
M  ought  to  he  fuch  a  fpace  beneath  the  piece  Z,  that  while  : 
the  leaver  D  hits  on  the  piece,  the  little  pipe  E  within  the 
velfel  unloads  the  water  of  the  bucket  A. 


T,  A  piece  of  timber,  a  flump,  or  a  (lone,  to  which  the 
ropes  OO  are  faftned. 

Z,  A  piece  of  timber  to  which  the  pulleys  K  and  K  e  are 
affixt  3  this  piece  of  timber  hath  the  table  b  aftixt  to  it  at  light 
angles,  on  which  hits  the  little  wheel  of  the  leaver  D*  and 
draws  near  to  the  wall,  and  draws  the  bucket  A  with  it  to¬ 
wards  the  wall,  that  the  little  pipe  E  may  hang  over  the  head  i 
of  the  velfel  X  3  which  may  alfo  he  done  otherwife. 

This  Engin  which  was  made  at  Rome  in  the  Convent  of  St.- 
Marla  de  Victoria,  the  left's t  bucket  did  contain  more  than  an 
whole  Uru  of  Water  (at  Rome  they  fay  un  Barite')  but  before 
While  they  ufed  Idler  buckets,  the  Engin  wanted  fuccefs. 

Note. 
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Note  alfo,  that  the  bucket  A  ought  firft  to  be  emptied,  and 
then  the  bucket  M,  otherwife  the  water  as  yet  contain’d,  by 
the  more  heavy  weight,  would  defcend  with  too  much  force, 
but  you  may  obtain  that  by  making  the  little  pipe  E  of  a  due 
magnitude. 

Its  flaps  are  of  matter,  and  form,  and  magnitude,  that  the 
water  before  they  are  opened,  no  way  runs  out  3  in  the  fore- 
laid  Roman  Engin,  a  palm,  or  hands  breadth  was  the  length, 
and  half  a  palm  the  breadth  :  The  matter  was  Lead  both  of 
the  little  tongue,  and  the  table,  in  which  the  hole  was,  and 
was  ftiutby  the  tongue  :  If  they  are  made  of  wood,  they  have 
nor  fo  good  fuccefs. 

The  Pulley  L  hath  as  much  diameter,  as  is  the  diftance  be¬ 
tween  the  true  Pulley  K,  and  the  fained  one  Ke. 

The  weights  1,2,  3,4 y&c.  are  faflned  to  the  ropes  O  O, 
for  this  end,  to  flop  the  Impetus  of  the  defcending  bucket  A  3 
tor  b efdes  the  Impetus  which  always  increafes  in  heavy  bodies 
defcending,  the  Impetus  like-wife  is  too  much  acquired  from 
this,  that  when  it  comes  to  the  piece  Z,  the  whole  weight 
ol  the  rope  I  hangs  on  the  other'  part  of  the  Pulley  K,  and  in¬ 
creafes  the  weight  of  the  bucket  M  3  but  when  after  the  emp¬ 
tying  of  the  buckets,  the  bucket  A  being  heavier  than  rhe 
bucket  M,  together  with  the  weight  of  the  rope,  it  begins  to 
defcend,  and  draws  with  it  the  rope  1,  and  therefore  draws  to 
it  the  weight  of  the  Rope,  and  takes  away  the  fame  from  the 
bucket  M.  ^  Then  how  much  more  is  added  to  one,  and  ta¬ 
ken  from  t’other,  fo  much  the  more  the  Impetus  increafes  of 
the  bucket  A  ,  which  Impetus  is  weakned  by  the  forefaid  lea¬ 
den  Plummets,  while  they  are  raifed  from  the  earth  fuccef- 
iively, 

Alfo  beware,  left  the  ropes  are  made  wet  by  rain,  or  by  wa¬ 
ter,  otherwife  they- will  be  contrafted,  and  not  retain  their 
due  length.  1 

Laftly,  ’  fls  obferved  in  the  forefaid  Engin.  that  the  water 
is  railed  as  high  again  in  the  buckcet  A,  as  it  defeends  in  the 
bucket  M,  by  reaifen  of  the  Pulley  M,  which  doubles  the 
rope  :  But  if  any  one  would  have  the  water  rife  four  times  as 
hign,  he  muft  add  another  Pulley,  and  another  rope  3  in  like 
manner  by  the  help  of  three  pulleys  he  may  make  the  water 
afpend  to  eight  times  the  height,  dw.  fo  that  the  water  con¬ 
tain’d  in  the  bucket  M,  be  quadruple  of  odtuple,  of  that  which 

is 
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is  in  the  bucket  A,  yea,  and  fomewhat  more,  that  the  bucket 
being  full,  may  out-weigh  die  bucket  A,  and  may  draw  it 
downwards  j  although  the  bucket  A  being  empty,  ought  al¬ 
ways  to  be  heavier  than  the  bucket  M  in  like  manner  being 
empty. 

Schottus  in  his  Technlca  curiofa  defcribes  an  Engin  fomewhat 
different  from  this, which  was  made  at  a  Noble  Man’s  Houfe  at 
Bafil  with  good  fuccefs. 


Engin.  X. 

To  perform  the  fame  thing  eafily  in  any  gilpen  proportion 

of  Height „ 

Fig.  ic6.T  Et  there  be  a  fountain  of  conftant  Water  running 
-Li  into  the  VeflelA,  or  at  leaf!  let  it  be  derived  thi” 
ther  from  fome  continual  Fountain,  and  you  would  raife  it  to 
the  Veil'd  B,  whofe  height  above  A  is  20  feet,  but  from  A  the 
water  cannot  defcend  deeper  than  to  C,to  wit,  10  feet  beneath 
the  Fountain  A ;  nigh  the  Veifel  B  difpofe  the  Axis  D  E  in  an 
Horizontal  fire,  eafily  turning  about  the  extream  poles  •  dif¬ 
pofe  fuch  another  like  Axis  near  the  Fountain  A,  and  annex  to 
each  of  them  the  Tympane  F,  and  the  wheel  G  I  •  Tympanes 
of  this  kind  are  divided  by  Iron  Rods,  or  Sticks,  and  of  fuch  a 
largenefs,  that  there  may  be  put  upon  them  conveniently  lit¬ 
tle  VelTeis,  joined  together  by  a  Chain  annext  to  one  another  in 
manner  of  a  Ring  5  it  matters  not  what  fafhion  the  little  VelTeis 
are  of,  fo  that  they  receive  the  Water  eafily  into  them,  and 
empty  the  fame  out  of  them  again,  we  have  delineated  two  of 
them  together  in  the  figure  L  N  j  rhofe  which  are  put  about 
the  upper  Tympane  hang  on  the  fame,  and  they  extend 
or  reach  along  to  the  water  of  the  fountain  A,  and  are  dipt 
into  it  fucceflively,  and  draw  the  fame  while  the  Tympane  ts 
turn’d  about ;  but  when  they  come  to  the  top  of  the  wheel 
they  unload  the  fame  water,  and  pour  it  into  the  upper  Veil'd 
B.  But  from  the  water  of  the  fame  fountain  A,  the  VelTeis  pjt 
about  the  lower  Tympane  muft  firft  be  fill’d,  which  ought  to 
0  l,"u  open  in  the  bottom,  that  the  water  may  flow 

T  ' 
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from  the  Veffel  L  into  the  lower  Veffel  N,  and  from  N  into 
another,  and  To  fucceffively  all  the  Veffels  of  one  fide  are  fil'd  •, 
for  then  the  weight  of  them  and  the  water  turn  about  the-Tym- 
pane,  together  with  the  wheel  G  I  of  the  lower  Axis,  which 
wheel  running  into  the  other,  moves  the  upper  wheel  and. 
turns  it  about  with  the  Tympane  of  the  Axis  D  E,  that  the  lit¬ 
tle  Veffels  draw  the  water  from  the  Fountain,  and  raife  it  in¬ 
to  the  Veffel  B  ;  but  becaufe  the  water  ought  to  be  raifed  dou¬ 
ble  the  height  in  B,  that  it  defcends  in  C,  therefore  the  upper 
crown,  or  ring  of  little  Veffels,  ought  in  like  manner  to  he  as- 
long  again  (  or  doubly  longer)  and  therefore  that  it  may  be: 
carried  about,  and  raifed  from  the  lower  crown,  or  ring,  being 
but  half  fo  big  (  or  doubly  leffer;)  thofe  little  Veffels  ought  , 
to  be  Idler,  fo  that  they  raife  upward  dn  the  fame  manner  fub- 
duple,  or  half  the  water,  yea,  rather  lefs,  becaufe  of  the  refi- 
ftance  of  the  Engin,  but  the  lower  little  Veffels  receive  double 
the  water,  or  fo  much  as  fuffices  to  move  both  the  Wheels. 

The  lower  Tympane  may  conveniently  hang  over  the  Well, 
or  Pit,  defigned  for  it,  within  which  the  Grown  or  Ring  of 
little  Veffels  defending,  when  they  come  to  G,  the  little  Vef¬ 
fels  are  unloaded  fucceffively,  fo  that  one  fide  of  the  Grown  is 
always  full  of  water,  and  out- weighs  the  other  fide,  and  turns 
about  the  Axis:.  That  if  the  upper  Veffel  B  being  filled  with 
Water,  which  afeends  upwards,  it  again  flows  into  the  lower 
Veffel  A,  and  the  lower  part  of  the  Engin  is  fo  accommoda¬ 
ted,  that  the  pouring  out  of  the  Water  appears  not  by  means,  ., 
whereof  the  lower  Tympane  is  moved,  and  the  Spedlators 
may  eafily  be  deceived,  thinking  that  Water  only  to  defend 
which  at  once  afeended,  that  therefore  they  may  think  it  a 
kind  of  perpetual  motion.  < 

If  the  weight  of  the  Water  of  the  lower  Tympane  be  dou¬ 
bly  greater  than  the  weight  of  Water  which  aicerds  to  the. 
upper  Tympane,  this  Water  may  he  raifed  to  a  double  Alti¬ 
tude,  and  therefore  a  crow  n  of  little  Veffels  doubly  longer  muff 
he  life! g  and  thofe  little  Veffels  of  the  upper  Tympane  will  be 
proportionally  leffer  in  the  fame  manner,  if  the  water  be. 
to  be  raifed  triple  or  quadruple  higher,  the  little  Veffels  of  the 
upper  Tympane,  or  wheel,  muff  be  triple,  or  quadruple  1  offer 
than  thofe  of  the  under  or  lower  Tympane,  or  wheel,  fo  that 
the  length  of  the,  upper  Crown  is.  made  amends  by  the  mag- 
nii.ude..of  the  little.  Vdfels  of  the  lower  Crown..- 
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But  the  little  Veflels  of  both  Crowns  may  be  made  equals 
and  neverthelefs  the  Water  may  be  raifed  to  any  height,  to 
wit,  if  the  wheels  G  I  which  bite  each  other,  be  made  une¬ 
qual  ;  for  if  the  upper. wheel  hath  its  Diameter  doubly  greater 
than  the  under  wheel,  this  will  move  that  with  a  Weight  of 
water  doubly  left,  and  therefore  a  crown  of  little  Veflels  dou¬ 
bly  Idler  will  be  equal  to  the  little  Vefleis  of  the  upper  Grown  y 
I  fay,  the  fame  of  any  other  proportion,  triple,  quadruple, 
&c.  wherefore  amends  may  be  made  divers  ways  for  the  height, 
and  plenty  of  water  afcending,  either  by  means  of  a  greater 
upper  wheel,  or  by  means  of  greater  little  Veflels  of  the  lower 
wheel,  or  Tympane,  or  partly  by  means  of  the  greater  wheel, 
and  partly  of  the  greater  fmall  Veflels. 

But  if  from  all  the  Water  in  the  Ciftern  A  continually  flow¬ 
ing,  the  greater  part  of  it  is  to  be  raifed  in  the  upper  Ciftern 
B,  as  if  you  were  to  raife  three  parts  of  four  of  the  water,  and 
but  one  part  only  to  defcend,  than  the  lower  Crown  rnuft  be 
3  times  as.iong  as  the  upper  Crown,  and  ,  the  little  Velfels  of 
the  fame  muft  be  at  leaft  three  times  iefler,  if  both  the  Axes  of 
the  wheels  G  and  I  be  equal.  Bur  if  the  wheels  GI  be  une¬ 
qual,  the  proportion  may  be  made  fit  another  way  y  for  if  the 
lower  wheel  be  three  times  greater  than  the  upper  wheel,  the- 
little  veflels  of  the  Crowns  may  be  made  equal,  but  the  lower 
Crown  ought  to  be  three  times  greater;  for  in.  this  cafer~while 
the  lower  wheel  is  turn'd  about  only  once,  fuppoflng  five  of  its 
little  veflels  to  be  fill’d,  the  upper  Wheel  is  turn’d  about  thrice, 
and  therefore  fif  teen  of  its  veflels  draw'  water,  and  in  like  man¬ 
ner  i  ;  veflels  of  water  they  pour  into  the  Ciflern  B, 

Alfo  both  crowns,  or  chains,  to-  which  the  little  velfels  are 


faftned,  may  be  accommodated  to  one  and  the  fame  upper 
wheel,  but  it  will  be  neceflary  to  fit  to  the  wheel  two  wheels 
with  Axes,  as  is  declared  before  :  But  if  the  altitude  to  which 


the  water  is-  to  be  raifed,  befo  high  that  it  requires  very  great 
wheels,  other  wheels  may  be  diipofed  in  the  middle  between 
each  wheel,  which  may  be  moved  fucceflively  fay  the  lower 
wheel,  equally  or  unequally,  according  to  the  proportion  of 
the  quantity  of  water,  or  the  magnitude  of  the  little  veflels 3 
for  this  will  be  very  commodious,  as  if  the  water  be  to  afeend 
higher,  we  add  to  the  Engin  one,  or  mere  wheels,  if  not  fo 
high,  we  rake  away  the  fame,  making  no  mutation  qr  altera¬ 
tion  of  the  Crowns,  or  Veflels;  moreover  the  veflels  qf  both 

T  2  1  crowns 
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crowns  may  be  always  equal,  and  yet  the  water  may  afcend 
to  divers  heights,  the  lower  crown  remaining  the  fame  and  nor 
altered,  by  only  changing  the  magnitude  of  the  upper  crown ; 
for  as  is  faid  above,  if  the  water  ought  to  afcend  4  times  as 
high  as  is  the  defcent  of  the  other,  his  fufficient  that  the  crown 
of  the  upper  wheel  be  4  times  greater,  or  fomwhat  lefs  3  and 
the  upper  wheel  G  I,  mutt  in  like  manner  be  4  times  greater 
than  the  lower,  or  little  more  ;  for  fo  the  upper  wheel  will  be 
moved  4  times  flower,  and  will  raife  a  fourth  part  of  the  wa¬ 
ter*,  the  crowns,  or  chains,  of  both  veflels  being  equal, 

Eikewife  the  Wheels  and  Axes  may  be  multiplied  together 
with  wheels  annext,  and  the  chains,  or  crown,  of  veflels,  fo 
that  one  be  put  upon  another ;  for  we  may  make  another 
wheel  to  exift  on  the  Axis  D  E,  which  may  be  moved  by  the, 
middle  wheel  G  I,  and  furnifh  it  with  a  wheel,  and  a  chain  of 
fmall  veflels  defcending  into  the  Cittern  B,  and  drawing  wa¬ 
ter  from  thence  j  moreover  that  water  now  raifed  into  B,  may 
from  the  crown,  or  chain  H  I  again  be  raifed  either  all,  or  at 
leaftj  part  of  it  into  another  Receptacle,  or  Cittern, higher,  and 
from  this  into  another  as  high  as  you  pleafe,  all  which  we 
leave  to  the  will  of  the  induftrious  Artificer,  fince  we  have 
Ihewn  fo  many.  waySj  it  may  fuffice. 
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To  empty  Ji an  di  ng  Waters 

Fig.  107.  k  is  a  long,  jagged  wheel  joined  together  with 
JDL,  ftrong  pieces  of  Timber,  deligned  for  the  draw¬ 
ing  off,  or  draining  of  water  3  the  length  may  be  made  at  plea- 
fu re,  according  to  the  proportion  of  the  breadth  of  the  water, 
alfo  it  may  be  made  fo  broad,,  that  the  whole  Semidiameter, 
from  die  Circumference. to  the  Axis  be  i  miner  ft  in  water,  yea, 
the  Circumference  may  touch  the.  bottom.,  for  as  much  as  the. 
moving  force  of  the  wheel  .  may  be  inc  reatt  as  you  pleafe,  and 
as  neei  requires* 

Frprnthis  wheel?  A,  the  Leaver. B  patting  through  the.  wheel, 
andnha  wren  extends  to  the  Earth, or,  Shoar,  where  is  ere&cd* 
a-fWOodeii  receptacle  C  Gg  the  wheel  D  is  adjoined  to  the. 

leaver* 
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leaver  B,  which  comprifes  the  wheels  E  and  F,  and  thefethe 
wheels  G  and  H,  and  thefe  the  wheel  I. 

The  leaver  of  the  wheel  I  reaches  to  K,  where  it  hath  a 
ftron"  iron  Ring  put  about  it,  which  is  furnifht  with  holes 
through  the  Circuit,  and  ftand's  out  towards  L,  that  it  may  re¬ 
ceive  L  within  it. 

L  CX  is  a  Cylinder,  whofe  end  L  is  furnifht  with  a  like 
Iron  Ring  bored  through  in  the  Circuit,  only  ’tis  a  little  idler 
or  ftraiter  than  the  ring  K,  that  it  may  be  thruft  within  it,  af¬ 
ter  that  the  faid  end  L  is  put  within  the  ring  K,  both  the  tings 
are  firmly  bound  by  Wedges  and  Hooks  of  Iron  driven  in 
through  each  correfponding  hole,  that  the  Cylinder  L  Q_,  to¬ 
gether  with  the  leaver  K,  may  be  turn  d  about  ■  In  M  are 
Wedges,  and  Hooks  of  Iron,  which  are  join’d  to  the  two  faid. 
iron  rings  K  and  L,  and  made  firm,  rhat  the  axis  K  and  the 
Cylinder  L  may  be  turn’d  together,  the  rope  that  draws  is 
folded, about  the  Cylinder  L  Q^,  which  mull  be  lengthned  that 
it  mav  pafs  above  the  wheel  or  pully  N  ;  to  the  rope  is  hung 
the  weight  O,  of  as  many  hundred  pounds  as  you  pleafe,  or 
neceifity  requires ;  this  weignt,  while  the  rings  K  and  L  are 
firmly  joined,  turns-  about  the  wheel  I,  and  this  the  middle 
wheels  H  and  G*  then  E  and  F,  and  at  lad  D  and  B. 

The  weight  O,  how  great  foever  it  be,  after  that ’tis  turn’d, 
about  with  his  rope,  it  may  be  railed  again,  or  by  a  man  on* 
ly  it  may  eafily  be  done  with  the  Engin  called  Pancratium  P. 
Which  that  it  may  be  done,  ’tis  neceflary  that  the  end  of 
the  Cylinder  L  Qjbe  not  round,  but  fquare  like  the  end  of  a 
fpit  which  being  turned  round,  the  little  Engins  are  turn’d  a- 
bout  and  ’tis  bored  through  that  it  may  receive  a  Nail,  ora: 
Wedge,  but  the  end  of  the  Axis  of  the  lowed  wheel  of  the 
Pancratium  ought  to  have  a  fquare  hole,  which  agrees  with  the 
faid  end  Q,  that  this  may  be  put  into  that,  and  fadned  with  a 
Nail  or  made  firm  with  a  wedg  after  that  manner,  that  a: 
Spit  is  thrud  into  the  hole  of  the  round  machine,  or  wheel,  that 

turns  the  Spit.  .  ,  _  .  ,  T  ,  , 

Then  when  the  weight  O  is  drawn  to*  1  take  away  the 

wedges  and  hooks- M,  from  the  rings  that  are  conjoined  to  K. 
and  L,  that  L  may  be  freed  from  K,  then  I  apply  the  Pancra¬ 
tium  to- the  fquare  end  Q.,  and  turn  -about  the  handle  of  the; 
Pancratium ,  which  when  done,  the  wheels  I,  H,  G,-  red, 
bat  the  weight  O  is  raifedy  and.  the  leading  rope  is  turn’d  about 
ha  Cylinder  L  After,. 
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After  that  the  weight  O  is  raifed,  join  again  and  make  firm 
one  within  another  the  rings  K  and  L,  but  remove  the  Pan¬ 
cratium  from  Q^,  and  the  weight  by  its  defcent  will  again  turn 
the  wheels  I,  H,  G,  &c. 

From  whence  it  appears,  that  the  chief  Artifice  is  placed  in 
this,  that  as  great  a  weight  as  you  pleafe  may  be  applied  in- 
fiead  of  a  power,  by  means  whereof  while  it  is  moved  very 
flow  I  y,  it  effects  a  fwift  motion  in  the  extream  wheel  of  the 
Engin  ;  and  again,  by  applying  the  Pancratium  P  to  the  Engin, 
whofe  Fabrick  is  declared  above. 

But  becaufe  perhaps  it  requires  as  much  time  to  raife  the 
weight  O  w'ith  the  Pancratium ,  as  is  that  w  herein  the  fame 
weight  defcends,  and  therefore  great  part  of  the  Engins  time 
is  loft  by  this  effect  therefore  I  advife  to  difpofe  another  Axis 
T  V  upon  the  Axis  L  Qj  and  in  the  mean  time  while  the 
weight  O  defcends,  and  the  Engin  performs  its  effedf,  the  fame 
Pancratium  being  applied  to  the  Axis  T  V,  may  raife  another 
weight  X,  to  be  applied  again  prefently  to  the  Engin,  as  the 
weight  O  comes  to  the  bottom,  to  be  taken  up  again  by  the 
lame  P ancratium ,  while  the  wheels  are  turn’d  about  by  the  o- 
dier  weight ;  for  fo  the  Engin,  or  Machine,  will  never  ceafe 
from  motion,  befides  that  little  time  wherein  the  rope  bein0* 
loofskl  from  the  weight, is  again  turn’d  about  the  Axis  L  Q,and 
the  faftning  it-  to  the  other  weight  now  raife d  above ;  yea, 
thofe  iron  Rings  and  Wedges  will  not  require  to  be  ufed,  if 
10  be  you  can  ufe.  one  continued  Cylinder  only  M  L  O  to 
which f- the  ropeauay  eafily  be  wound  about,  fince  this  will  be 
free  from-  the  weight  3  Or  likewife.  a:  double  rope  may  be 
ufed,  one  of  which  without  weight  (  or  at  leak  but  a  little  ) 
may  be  wound  about  the  Cylinder,  while  the  other  is  rokd  and 
drawn  downward  by  the  weight  - 

This  Engin  if  it  he  made  after  the  forefaki  manner,  it.  will 
be  indeed  more  Ample  and  eafie,  and  ferve  for  many  other  li¬ 
fts  j  as  for  Example^  the  lower  wheel  B- will  eafily  be  applied 
to  a  vertical  wheel,  which  will  likewife  turn  about  .fwiftly  a. 
hand  rnillq  in  like  manner  there  may  be. added  to  the  Axis  B 
D,  pins  to  take  up  Peflles,  wherewith  mineral  Veins  may  be 
pounded,, or  Gun-powder,  dm.  as  is  declared  before,  alfo 
there  may  be  many  other  wheels  to  turn  about  to  wind  fiver 
fared,,  and  .other  fuch  like,  as  will  appear  to  the  Con  h  derate. 


Engin 
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Engin.  XII. 

By  ivhofe  means  the  water  always  afcencts  to  any  given  height , 

fappofing  alfo  it  he  hut  a  /mail Jlream  of  water,  Jo  it  he 
hut  conjlant . 

Tig.  108.  T  Et  there  be  a  largeRecepracle,  or  Cittern  A  B,  in- 
jL/  to  which  the  water  conftarirly  flows  through 
Rome  Channel,  or  Pipe  C,  below  that  ciftern  make  two  other 
citterns  G  El,  and  X  Z,  in  two  feveral  places  of  fufficient  big- 
nefs,  according  to  the  proportional  quantity  of  water,  which 
muft  defcend  by  turns  from  the  ciftern  A  B,  into  thofe  two- 
lower  citterns, /as  will  appear  by  and  by,  and  for  that  caufetlie 
Tubes  F  G,muft  defcend  from  the  bottom  of  the  ciftern  A  B,  in¬ 
to  the  cittern  G  H,  and  Y  X  into  the  cittern  X  Z,  and  thefe 
citterns  muft  be  furnifht  with  a  cover,  and  the  cover  muft  come 
clofeto  the  fide,  for  they  ought  to  be  every  where  clofe  and i 
fhur,  but  the  cittern  A  B  mutt  be  open  5  thofe  Tubes  upon  the 
bottom  of  the  ciftern  A  B,  mutt  have  flaps  E  and  D,  fo  that 
their  mouths  may  be  fhut  or  open:  The  cittern  G  H  will  need! 
another  Tube  in  its  lower  part,  furnifht  likewife  with  the  flap  I, 
and  the  fame  muft  be  as  near  as  may  be  of  the  magnitude  with  , 
the  Tube  F  G  and  Y  X;  the  fame  muft  be  performed  in  the  o- 
ther  cittern  X  Z5 which  in  like  manner  mutt  have  the  like  Tube 
2  furniflit  with  a  flap. 

Through  the  cover  of  the  ciftern  G  a  {mail  Hole  Being , 
mader  defcends  a  rod  of  mettal  O  M  fitting  the  hole,  to  whole, 
lower  part  the  brafs  veftel  M  is  foddred  fatt  being  invcrifed,  to  - 
wit,  fo  that  the  open  part  of  the  veftel,  or  bucket,  look  down¬ 
wards,  and  to  the  other  end  of  the  rod  O,  is  faftned  tl  e  arm: 
©  N,  which  is  fo  pofited  in  N,  that  it  may  eafily  be>  moved  up¬ 
wards  or  downwards  5  to  the  fame  little  arm  O  N  is  affixt  fuchu 
another  like  rod,  which  defcends  in  the  fame  manner  into  the/ 
lower  cittern,  and  fuftains  the  weight  L  within  the  cittern  5-  fi¬ 
nally,  that  little  arm  is  furniflit  with  a  little  wing  a,  hindering; 
its  coming  upwards,  and  his  intercepted  with  a  double  ftaif, 
or  fpear,  or  between  the  notch  P  N,  his  interrupted  by  the.; 
little  arm  b  a  thwart  ;  ,  this  kind  of  (tali,  or  notch;  on  its  up- 
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per  part  P,  Is  faftned  to  another  ftaff  or  leaver  P  Q^V,  and  to 
the  fame  leaver  in  is  knit  of  fanned  another  rod  I  QJR,  by 
whofe  means  the  flap  I  is  opened  and  tout:  Furthermore  the  lea¬ 
ver  R  S  T  is  moveable  about  the  centre,  by  help  whereof  while 
the  flap  D  is  lifted  up  or  opened,  the  other  flap  E  is  depreft 
a  'd  fruit,  and  vice  verfa . 

Thefe  things  being  thus  difpofed,  that  fome  determined  parr 
of  the  water  which  defeends  into  the  Cifterns  G  H  and  X  2, 
may  afeend  again  to  any  given  height,  ( as  for  example )  into 
the  upper  cifterns  A  and  B ;  above  the  ciftern  G  H  make  ano¬ 
ther  veil'd, or  ciftern  C  E,  yet  fo,  that  it  may  be  fomewhat  low¬ 
er  than  the  faperficies  of  the  water  that  is  in  the  ciftern  A  B,  and 
let  it  be  clofe  fhut  every  where  that  no  air  enter  in.  Through 
its  bottomland  through  the  cover  of  the  ciftern  G  H,  let  the 
Tube  C  H  defeend  reaching almoft  to  the  bottom  of  the  ciftern 
G  H,  and  almoft  touching  the  cover  of  the  ciftern  C  E.  Then 
from  the  fame  velfel  C  E,muft  afeend  two  other  Tubes  into  ano¬ 
ther  veffd  like  that  before,  to  wit, the  Tube  E  F,  which  almoft 
touches  the  bottom  of  the  veffel  C  E,  and  the  cover  of  the  up¬ 
per  veffd  D  Gy  and  the  Tube  CD,  which  afeends  from  the 
cover  C  of  the  lower  veffel,  almoft  to  the  cover  of  the  upper 
veffel  in  D ;  altogether  in  the  fame  manner,  twro  other  Tubes 
G  A,  D  H,  muft  afeend  from  the  veffd  D  G,  into  the  veffel 
H  A.  .  Laftly,  in  the  uppermofr  veffel  A  H,  which  much  be  o« 
pen  without  a  cover,  fit  a  Scjpbon  A  P,  through  which  the  wa¬ 
ter  is  derived, or  conveyed,  into  the  ciftern  P  Qjdefigned  for  ufe. 

Above  the  ciftern  X  Z,  in  the  fame  order  muft  be  placed  fo 

many,  and  altogether  the  fame  veffels  furnifht  with  the  fame 
Tubes. 

Then  from  the  ciftern  A  B,  by  opening  the  flap  E  F,  the  wa¬ 
ter  flowing  into  the  lower  ciftern  G  H  being  clofe  tout,  Tis  com- 
pelfd  by  the  compreft  Air  to  afeend  through  the  Tube  A  C, into 
the  upper  veffel  C  E,  the  Air  being  excluded  in  the  mean  while 
from  it  by  the  Tube  C  D.  But  in  the  fame  time  in  which  the 
vdid  C  E,  is  fill  d  with  the  Tube  A  Cfits  bre  adth  being  lefs  than 
the  breadth  of  the  Tube  ?  G,  the  water  always  fills  the  ciftern 
G  H,  and  forces  the  inverfs  bucket  M  to  afeend,  until  at  length 
by  means  of  the  leaver, or  arm  Q  N,  hitting  againftthe  little  arm 
l\  raiies  the  frail  P  N,  and  the  fame  work  interpofing  P  Q  V 
opens  the  flap  I,  and  touts  the  flap  2,  and  likewife  by  «n$ 
at  ■  another  leaver  RTS,  the  flap  E  is  tout,  and  the  flap  D  o~ 

pened, 
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pened.  Then  from  henceforth  prefently  the  water  from  the 
ciftern  A  B,  begins  to  flow  into  the  other  ciflern  X  Z,  and  from 
thence  afcends  and  fills  the  upper  veflel  L,  and  at  the  fame 
time  by  opening  the  flap  I,  the  receptacle  G  H  is  emptied  of 
all  the  water,  and  therefore  the  inverfe  bucket  M  defcends  a- 
gain,  and  the  weight  L  in  the  middle,  and  the  wing  a  draws 
down  again  the  ftaff  P  N,  and  /huts  the  flap  I,  and  opens  the 
flap  Z  ;  and  likewife  fhuts  the  flap  D,  and  opens  the  flap  E,  that 
the  water  may  again  flow  into  the  receptacle  G  H ;  then  by 
condenfation,  or  prefling  of  the  Air  interpofing,  the  water 
which  now  fliould  afcend  into  the  veflel  C  E,  is  forced  to  raife 
higher  into  the  veflel  D  G,  which  being  filled,  they  prefently 
change  turns,  and  the  flaps  Z  and  E  are  fhut,  and  I  and  D  are 
opened,  and  fo  the  water  afcends  from  the  veflel  L  into  the 
veflel  M;  this  in  like  manner  being  fill’d,  the  flux  of  water  is 
changed,  and  the  water  afcends  from  the  veflel  D  G,  into  the 
uppermoft  veflel  A  H,  afterwards  from  the  veflel  M,  into  the 
veflel  B,  while  in  the  fame  time  the  veflel  A  H  is  emptied  by 
the  Scjphon ,  the  water  flowing  into  the  common  receptacle 
P ;  then  again  the  veflel  C  E  is  fill’d,  and  after  that  the  veflel 
L,  and  in  the  fame  order  alternately  new  water  afcends  from 
one  veflel  to  another,  as  often  as  the  flaps  change  turns,  being 
fometimes  open  and  fometimes  fliut. 

Where  his  manifeft,  if  the  veflels  be  increafed  one  above  ano¬ 
ther,  the  water  will  be  forced  to  any  height  although  but  flow- 
ly  3  and  the  forefaid  veflels  ought  to  be  fo  far  diftant  from  one 
another,  that  the  height  of  one  above  the  other,  doth  not  ex¬ 
ceed  the  height  of  the  receptacle,  or  ciftern  A  B,  above  the  ci- 
flerns  G  H,  2  X,  or  the  perpendicular  altitude  of  the  fall  of 
the  water  w7hich  we  conclude  to  be  conflant.  Moreover  the 
Tube  C  D  ought  to  be  fitted  with  a  flap,  or  thin  board  in  C, 
fo  that  when  the  veflel  C  E  is  filed  with  water,  the  flap  or 
board  may  fhut  it, that  the  air  break  not  out  through  the  Tube 
into  the  veflel  above,  for  fo  this  air  being  coinprefl;,  forces  the 
water  from  the  veflel  C  E  to  afcend  into  D  G  5  I  fay,  the  fame  of 
the  Tubes  C  D  and  D  H,  &c.  alfo  this  artifice  may  be  other- 
wife  difpofed,  as  {hall  feem  meet  to  the  induftrious  Artificer. 
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CIRCULAR  MOTION 


BOOK.  VIII. 


PROP  OS.  I. 


Of  mix  Motion  from  Circular  and  Eighty 

or  more  Circular 9 


WHile  a  Wheel  is  moved  upon  a  plane  fliperiides,  I  fay,  the 
fame  of  a  Globe,  or  ball,  the  central  point  only  of  the 
Wheel, or  Globe, is  moved  with  right  motion, all  the  other  points, 
or  parts  of  the  moved  Wheefor  Globe,  are  moved  with  a  mixf 
motion  of  circular  and  right. 

This  motion  of  rotation  on  a  plane  hath  admirable  properties 
throughout,  Which  being  rightly  percieved,  it  will  be  eafy  to 
underfland  the  other  mixt  motions:  Wherefore  we  make  a 
beginning  from  it  ;  but  yet  we  firft  advife  that  circular  motion 
truly  and  Phyiically  coniifts  of  many  right  lines,  neverthelefs. 
in  this  place  we  will  confider  it  even  as  if  it  were  altogether 
Ample  motion,  but  where  it  will  be  needful  to  confider* thoft 
fmail  pans  of  right  motion  of  which  ciicular  motion  is  com¬ 
pounded,  there  we  will  make  particular  mention. 

Fig.  109,  Lee  then  the  Wheel,  or  orb,  be  A  2  L 
on  the  Plane  AD  on  which  it  is  to  be  roied,  or  turned,  an  diet 
the  right  line  A  D  be  equal  to  the  arch  A  Ch  fo  that  while  the 
Wheel  is  moved  towards  D,  the  point  Qnuay  touch  in  the 
point  D:  In  this  motion  his  manifdt,Firlf,  that  the  Centre  of  the - 
Wheel  0  is  moved  by  the  right  line  O  E,.  for.fince  the  Wheel 

always 
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always  touches  the  plane  in  fome  point,  and  the  Centre  O  is 
always  equally  diftant  from  the  points  of  the  Periphery,  which 
fuccelfively  touch  the  plane,  the  Centre  O  will  always  be  in  the 
line  O  E,  and  when  QJs  come  to  D,  the  Centre  O  will  be  in 
C,  and  the  Centre  O  always  infills  perpendicularly  on  the 
point  of  Contact. 

Secondly,  his  manifefi:  that  any  other  point  is  moved  with  a 
mixt  motion  3  for  if,  for  example,  we  take  the  point  L,  over 
and  above  the  motion  of  the  centre  his  moved  towards  V,  fo 
that  if  the  Wheel  Ihould  not  be  turn’d  about  the  Centre  O,  but 
only  moved  upon  the  plane,  always  touching  the  Plane  A  D 
in  the  point  A  ( which  is  to  move  only  by  the  motion  of  the 
Centre  )  the  point  L  will  be  moved  by  the  right  line  L  Y,  and 
while  A  is  in  D,  E  will  be  in  Y,  O  will  be  in  C,  and  fo  any 
other  point  of  the  Wheel  will  be  moved  by  a  right  line  parallel 
between  the  extreams  AD,  L  Y.  In  like  manner,  the  point 
L,  or  any  other,  will  be  moved  only  by  a  circular  motion,  if 
the  Centre  of  the  Wheel  O  be  altogether  immovable,  to  wit, 
L  will  be  moved  by  the  arch  L  K  e,  &c.  A,  by  the  arch  A  T, 
&c.  alfo  the  point  N  will  be  moved  by  another  arch  of  a  leffer 
circle,  &c.  Since  therefore  the  Wheel  is  moved  together  by  the 
motion  of  the  Centre  towards  E,  and  by  the  motion  of  the 
Orb  from  L  in  and  from  Qjn  A,  &c,  the  point  L  will  be 
moved  with  a  mixt  motion  from  both,  to  wit,  of  the  Centre, 
and  of  the  orb,  that  is,  of  right  and  Circular  3  which  may  be 
faid  of  any  other  point,  the  centre  excepted. 


PROP  OS.  XI. 

Any  point ,  except  the  Centre  of  the  for efaid  Wheel,  or  globe , 
defer ibes  a  crooked  line,  which  is  not  circular . 

Fig.  109.  TJOR  example,  take  the  point  L,  and  that  you  may 
A  get  the  line  which  it  deferibes,  divide  the  arch 
of  the  quadrant  L  Qjn  as  many  equal  parts  as  you  pleafe,  fup-* 
pofe  three,  L  K,  K  A,  H  Q3  alfo  divide  the  line  of  the  plane 
A  D  into  fo  many  equal  parts,  to  wit,  three,  then  the  point 
L  having  part  over  the  firft  part  of  the  arch  L  K,  if  it  were 
moved  only  by  the  motion  of  the  orb,  it  will  be  in  K  3  but 

U  a  if 
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if  it  were  moved  only  by  the  motion  of  the  centre  it  would  be 
*n  V,  therefore  let  the  right  line  M  I  be  parallel  to  L  Y,  and 
let  K  1  be  equal  to  L  K,  or  A  B,  without  doubt  the  point  L 
will  be  in  1 3  For  the  motion  of  the  orb  gives  L  K,  or  M  K 
but  the  motion  of  the  Centre  gives  L.V,  or  K  I.  In  like  man¬ 
ner,  in  palling  over  the  arch  KH,  the  fame  point  L  will  be  in 
G,  if  you  take  H  G  equal  to  A  C,  or  L  V,  and  parallel  to  L  Y  • 
For  the  motion  of  the  orb  gives  L  H,  or  N  H,  and  the  motion 
of  the  centre  gives  A  C,  or  L.V,  which  is  equal  to  H  G,  Laftly, 
in  paffing  over  the  arch  H  Q,  the  point  L  will  be  in  E,  to  wit  if 
Q^E  be  taken  equal  to  A  D,  or  L  Y,  for  the  motion  of  the  orb . 
gives  LQ^,  orOQ^and  the  motion  of  the  Centre,  gives  A  D, or L  Y. 

Secondly,  take  the  point  A,  and  that  you  may  have  the  Hne 
which  it  describes,  divide  in  like  manner  the  arch  of  the  qua¬ 
drant  AZ  into  3  equal  parts,  to  wit,  in  T  and  Y,  then  m 
paffing  over  the  arch  A  T,  if  the  point  A  be  moved  only  by 
the  motion  of  the  orb  it  will  be  in  T  3  but  if  it  be  moved  only 
by  the  motion  of  the  Centre  it  will  be  in  B,  therefor^if  you 
rake  T  S  equal  to  A  B,  the  point  A  will  be  in  S.  In  like  man¬ 
ner,  in  palfing  over  the  arch  TY,  if  the  point  A  fhould  be 
moved  only  by  the  motion  of  the  orb,  it  would  be  in  Y3  but 
if  it  ffiould  be  moved  only  by  the  motion  of  the  Centre,  it 
would  be  in  C5  wherefore  if  you  take  Y  R  equal  to  A  ci  it 
will  be  in  R.  Laftly,  in  paffing  over  the  arch  Y  Z,  it,  will  be 
in  P,  if  fo  be  you  take  Z  P  equal  to  A  D,. 

From  hence  it  appears,  that  thofe  are  Curve ,  or  crooked 
lines,  and  yet  not  circular  3  wherefore  fome  call  them  by 
a  proper  word,  Whirling-line y7  you  may  call  them  as  you 
pleafe. 

Alio  by  this  you  fee: that  the  point  L,  which  is  oppofed  to 
the  point  of  Contact  A,  is  fo  moved,  that  the  motion  of  the 
orb,  being  added  to  the  motion  of  the  Centre,  for  each  motion 
is  in  the  antecedent,  but  never.thelefs  the  point  of  contadt  A, 
is  fo  moved  that  the  motion  of  the  orb  is  taken  away  from  the 
motion  of  the  Centre  3  for  the  motion  of  the  Centre  is  in  the 
antecedent,  but  the  motion  of  the  orb  is  in  the,  Confequent, 
not w i c hitandin g .  becau fe  the  motion,  of  the  Centre,  is  greater 
than  the  motion  of  the  orb  3  it  follows,  that  the  point  A 
Simply  and  abfolutely  will  he  moved  in  the  antecedent,  to  wit, 
towards  D,  neither  will  it  wholly  go  back  3  to  wit,  k  will  be 
moved  .towards  D,  only  fo  much  as  is  the  difference  X  S,  be¬ 
tween.- 
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tween  the  motion  of  the  orb  AT  or  K T,  and  the  motion  of 
the  Centre  A  B  or  S  T. 

Alfo  take  notice  that  the  point  L  defcending  in  the  arch  L  Q, 
will  be  fo  moved  that  the  motion  of  the  orb  adds  to  the  mo¬ 
tion  of  the  Centre,  the  right  fines  of  the  arches  it  pafles  over. 
So  the  motion  of  the  orb  L  K,adds  the  right  fine  M  K,  to  the 
motion  of  the  Centre  K  I  or  L  V ,  and  the  motion  of  the  orb 
L  H  adds  the  right  fine  N  H,  to  the  motion  of  the  Centre  H  G 
or.  L  V,  &c.  But  neverthelefs  the. point  A  oppofite  to  the  point 
L,  to  wit,  the  point  ofContaS  with  the  plane  is  fo  moved  in 
the  arch  A  Z,  that  the  motion  of  the  orb  takes  away  the  right 
fines  of  the  motion  of  the  Centre  ,  fo  the  motion  of  the  orb 
AT,  takes  away  the  fine  T  X  from  the  motion  of  the  Centre 
T  s’  or  A  B,  to  which  T  S  is  equal.  But  now  the  point  Z  is  fo 
moved  through  the  arch  ZLin  afcending,that  the  motion  of  the 
01  b  adds  the  verfed  fines  to.  the  motion  of  the  Centre  j  thus  the 
motion  of  the  orb  of  the  arch  Z  d,  adds  the  verfed  fine  Ze,  to 
the  motion  of  the  Centre  D  F,  wherefore  if  you  take  D  f  equal 
to  A  B,  the  point  Z  in  palling  over  the  arch  Z  d  will  be  in  f, 
Jikewife  in  palling  over  the  arch  Z  h,  it  will  be  in  g,  for  the 
motion  of  the  orb  adds  the  verfed  fine  Z  ?»,  to  the  motion  of 
the  Centre  AC,  equal  to  which  h  g  being  taken,  and  in  run¬ 
ning  through  in  the  arch  Z  L,  will  be  in  Y, for  the  motion  of  the 
orb  adds  the  verled  fine  HO  to  the  motion  of  the  Centre  L  Y ; 
nToreover  the  oppofite  point  fo  defcends  through  the  arch, 
O  A,  that  the  motion  of  the  orb  takes  away  the  verfed  fines 
from  the  motion  of  the'  Centre ;  fo  in  palling  over  the  arch  Q_ 
w,  the  verfed  fine  Qj,  is  taken  away  from  n  r,  which  is  put 
equal  to  the  motion  of  the  Centre  A  B,  and  fo  the  point  Qwill 
be  in  r  j  but  in  palling  over  in  the  arch  Q^p,  the  point  Qjvill 
be  inB,  to  wit,  p  b  being  taken  equal  to  the  motion  of  the* 
Centre  AC,  for  it  takes  away  the  verfed  fine  QJ;  Laftly,  in 
palfing  over  the  arch  Q_A  it  will  be  in  D,  and  fo  the  verfed 
fine  QQ  will  be  taken  away  from  the  motion  of  the  centre 
AD. 

Hence  you  eafily  fee  the  defeription  of  lines,  which  each  point 
of  a  circle  runs  over  being  roled,  or  turned,  on  a  plane.  Alfo 
you  fee  the  line  which  the  point  L  deferibes  in.  defcending,  that 
is  to  anfwer  the  line  L I G  E,  and  is  equal  to  the  line  Z  tg  f,  de¬ 
fended  from  the  point  Z  in  afeending ;  and  the  line  A  S  R  P  de- 
feribed  from  the  point  A,anfwers,and  is  equal  to  the  line  QJ  bD 

dderibed 
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defcribed  from  the  point  that  afcending,  but  this  defend¬ 
ing- 

Hence  alio  it  is  that  the  points  L  and  Z  are  moved  moft 
fwift,  but  the  points  A  and  mod  flow ;  and  the  point  L  is 
moved  Swifted:  of  all  in  the  beginning,  afterwards  more  (lowly.* 
But  the  point  Z  by  inverfe  proportion  is  moved  ilowly  in  the 
beginning,  and  fucceflively  more  fwift.  In  like  manner  the 
p  lint  A  is  moved  flowed:  of  all  in  the  hegining,  afterwards 
iucceflively  more  fwift,  but  the  point  Qby  inverfe  proportion 
is  moved  more  fwift  in  the  beginning,  and  in  the  end  mod: 
flow.  Wherefore  all  the  points  indeed  are  moved  with  un¬ 
equal  motion,  while  they  run  over  the  quadrant ;  but 
the  whole  quadrant  being  compleated,  the  motion  of  the  point 
L,  and  of  the  point  Z  come  to  be  equal,  fo  alfo  the  motion  of 
the  point  A  and  of  the  point 

Moreover  you  fee  the  Centre  O  to  be  moved  fwifter  in  the 
beginning  than  the  point  of  Contact  A,  but  in  the  end  more 
flow,  and  the  fpace  which  the  point  O  difpatches  from  O  in  Q 

is  greater  than  the  fpace  which  the  point  A  difpatches  from 
A  in  P. 

Alio  you  fee  that  no  point  is  moved  with  an  equal  motion, 
except  the  Centre,  but  by  an  accelerated  or  a  retarded  motion, 
fo  that  from  two  oppolite  points  one  is  moved  with  an  accelerate, 
motion,  as  the  point  A,  but  the  other  with  a  retarded  motion* 
as  the  point  L. 

^  At  length  if  you  take  the  point  B  45;  degrees,  that  is,  which 
difpatches  the  greateft  fpace  of  all,  for  the  motion  of  the  Cen¬ 
tre  O  S  equal  to  A  D,is  added  to  the  motion  of  the  orb  from  B 

in  fty  -r 

Fig.  no.  Thirdly  take  a  point  within  the  Circumference, 
fuppofe  the  point  F :  z\nd  that  you  may  find  the  line  which  it 
defcribes,  make  the  Circle  F  4,  G  y  and  divide  the  quadrant 
F  4  into  3  equal  parts  marked  in  the  points  2,  3,  Then  while 
the  motion  of  the  orb  comes  to  2,  the  motion  of  the  centre 
A  B  or  2,  5  is  added  to  the  fine  2,  1  of  the  arch  F  2:  In 
like  manner  while  the  motion  of  the  orb  comes  to  3,  the  mo¬ 
rion  of  the  centre  A  C,  or  3,  6,  is  added  to  the  right  line  H  3. 
Laftly  while  the  motion  of  the  orb  difpatches  the  quadrant  F  4 
and  conies  to  4,  the  motion  of  the  Centre  Q^y,  is  added  to 
the  right  fine  QO,  and  defcribes  the  line  F  6,  7:  In  like 
manner, by  what  hath  been  faid,  you  may  ealily  find  the  other 

lines 
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lines  which  the  other  points  of  the  fame  Idler  circle  contaii/J 
within  the  greater  defcribe.  So  the  point  4defcribes  the  line 
4  M  N  P,  while  the  verfed  line  4  R  is  taken  from  the  motion 
of  the  Centre  A  B  or  L  M  •  and  the  line  4,  5,  from  the  mo¬ 
tion  of  the  Centre  AC  or  T N ;  and  hilly  the  verfed  fine  4  O 
from  the  motion  of  the  Centre  A  D  or  G  P. 


P  R  0  P  0  $.  HI. 

A  leffer  Wheel  included  in  a  greater  is  [0  moved ,  that  in  it 
the  motion  of  the  Centre  is  greater  than  the  motion  of  the 
Orb.- 

FOR  while  the  motion  of  the  Orb  is  made  through  the  whole 
quadrant  F  4,  the  motion  of  the  Centre  is  made  through 
the  whole  right  line  O  V,  which  certainly  is  greater  than  the 
arch  of  the  quadrant  F  4.  In  like  manner  the  motion  of  the 
orb  through  the  quadrant  4  G,is  lefs  than  the  fame  motion  of 
the  Centre  O  V  5  But  how  each  point  of  the  quadrant  4  G  an- 
fwers  each  point  of  the  plane  G  P,  upon  which  the  quadrant 
of  the  Idler  wheel  is  underfiood  to  move,  when  the  plane  is 
greater  than  the  quadrant,  is  that  famous  difficulty  which  ob¬ 
tains  the  name  of  Ariftotles  Wheel,  becaufe  Ariftotle  hath  pro- 
pofed  it  in  his queftion  of  Mechmicks ,  which  Blancams  hath 
explicated,  and  Merfennus ,  Galileus ,  Cab  ms,  Fabrus ,  and  others 
have  expofed  to  view. 


P  R  0  P  0  S.  IV. 


the  difficulty  of  Ariflotleks  Wheel, that  is,  the  motion  of  the 
leffer  Wheel  when  this  is  direfted  by  the  motion  of  the 
greater , and  the  motion  of  the  greater ;  when  this  is  direct^ 
ed  by  the  leffer ,  is  heft  Jolved  and  unfolded  from  the  na¬ 
ture  of  this  Circular  motion ,  fo  far  as  Phyffically  *tis  com** 
founded  of  many  right  lines.- 


LEt  the  W.heeh be  A  C  H  infilling  on  the  plane  C  E,  whole 
radius  is  A  C,  and  within  this  another  leffer,  fuppofe  it 
fub  duple,  A  D  B  is  included,  whole  radius  is  A  B5  and  let  the 

plane: 
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plane  C  E  be  equal  to  the  arch  of  the  quadrant  C  H,  fo  that 
while  it  is  turned  upon  the  plane  C  E,  each  point  of  the  ardh 
anfwers  each  point  of  the  plane 3  When  therefore  the  Idler 
Wheel  in  this  motion  is  carried  away  by  force  by  the  greater, 
fureiy  the  point  D  will  come  to  F,  when  the  point  A  will  come 
to  G,  that  is,  the  radius  A  D  will  meet  with  G  F. 

Therefore  the  whole  difficulty  will  depend  on  this  ifliie,  that 
B  F  will  be  double  the  arch  B  D,  if  fo  be  the  points  of  the 
arch  B  D  ought  fucceffively  to  correfpond  with  the  points  of 
the  plane, or  of  the  line  BF,or  each  point  of  the  archJB  D  anfwers 
each  point  of  B  F,  or  each  point  of  B  C  anfwers  two  of  B  F,  or 
the  akern  points  BF  by  skips  remain  wholyuntoucht;  for  neither 
doth  any  thing  elfe  feem  toremain  which  can  be  faidjn  truth  none 
of  thde  ought  tobefaid:  For  if  it  be  laid  in  the  fir  ft  place,  that 
there  is  fo  many  points  in  the  arch  B  D,as  there  are  in  the  line  B  F, 
which  cannot  be  faid,fince  this  is  doubly  greater  than  the  arch; 
But  if  it  befaid  fecondly,  that  each  point  of  the  arch  B  D  cor- 
refponds  to  two  points  of  the  line  B  F,  it  follows  that  the  plane 
C  E,  is  double  the  arch  C  H,  when  notwithftanding  they  are 
fuppofed  equal  3  for  when  the  points  B  C,  are  in  the  fame 
radius  A  C,  if  the  point  C  touch  the  point  of  the  plane  next 
following  towards  E,  it  will  not  be  perpendicular  to  the  plane 
C  E.  Surely  A  B  when  it  touches  the  point  of  the  plane  B  F 
in  B,  and  is  perpendicular  to  the  plane,  alfo  A  C  which  is  flip- 
pofed  a  right  line  will  be  perpendicular  to  the  plane  C  E,  which 
is  parallel  to  the  plane  B  F:  Therefore  it  toucheth  not  the 
plane  in  any  other  point  than  in  C, which  if  it  fhould  touch  it 
would  be  alfo  in  the  other  next  following  point  3  therefore 
every  point  of  the  arch  C  H,  touches  two  points  of  the  plane 
C  E,  therefore  the  plane  C  E  will  be  double  the  arch  C  H. 
Moreover  it  cannot  be  faid  that  the  altern  points,  or  every  o- 
ther  point  of  the  plane  B  F,  are  toucht  as  it  were  by  leaps,  and 
not  the  other  intermediate  points,  for  at  the  fame  time  in  which 
feme  point  of  the  plane  C  E  is  toucht  anfwering  the  untoucht 
point  of  the  plane  B  F,  feme  point  of  the  arch  B  D  without  doubt 
touches  the  plane  B  F,  therefore  it  touches  the  point  of  the  plane 
B  F, which  correfponds  to  the  point  toucht  by  the  greater  Wheel 
in  the  plane  C  E,  for  if  it  fhould  not  touch  the  Centre  A,  ought 
to, be  elevated  above  the  line  A  G,a  n  d  confequen  tly  the  greater 
Wheel  will  not  touch  the  plane  CE, which  is  againft  the  iiippo- 
Ttion  3  therefore  no  point  of  the  plane  B  F  remains  untoucht. 

More- 
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Moreover  this  difficulty  hath  great  force  again/I  t hole  authors 
who  affirm  that  a  body  may  be  compounded  of  Mathematical 
points,  whether  finite  or  infinite,  as  may  appear  to  the  confide- 
rate,  concerning  which  I  /hall  fay  no  more  at  this  time. 

Neither  can  it  be  falved  by  thofe  who  admit  proportional 
pans  to  aft  infinitly  3  for  wffiile  they  fay  the  point  of  Con  raft 
may  be  made  in  an  undetermined  part  they  fpeak  unconceiv- 
ably 3  for  fince  the  point  of  Contaft  is  real  and  lingular,  I  can¬ 
not  fee  how  it  can  be  indeterminate,  W'hich  if  it  be  determi¬ 
nate,  that  is,  in  this  place  and  not  in  another,  than  it  becomes 
determinate  in  this  part,  and  not  in  another  3  moreover  his 
fomething  w  hich  touches  diftinft  from  ali  that  which  touches 
not  3  but  to  touch,  and  not  to  touch,  are  contradiftions,  and 
how  can  that  be  fomewhat  indeterminate  from  all  that  it  touches 
not  ?  Add,  that  there  is  no  part  in  the  plane  B  F,  whether  de¬ 
terminate,  or  indeterminate,  which  remains  untoucht  3  how 
then  does  each  part  of  the  arch  B  D  anfwer  each  part  of  the 
Plane  B  F,  when  there  are  as  many  more  in  that,  as  in  this  ? 

Some  recur  to  the  greater  velocity  whereby  one  Wheel  is 
moved  than  the  other,  but  if  they  fpeak  concerning  the  motion 
of  the  Centre  ’ds  falfe,  for  there  is  one  and  the  fame  Centre 
A  to  each  3  but  if  they  fpeak  of  the  motion  of  the  orb  they  do 
not  evade  the  difficulty  by  that,  for  the  queftion  is,  wffiy  the 
arch  B  C  although  it  he  moved  flower  than  the  arch  C  H, 
nevertheiefs  it  is  meafured  by  an  equal  fpace,  which  fucceffive- 
ly  touches  the  whole. 

Father  Faber  recurs  to  the  incommenfurability  of  the  plane, 
to  wot,  of  a  right  line  with  the  arch  of  a  Circle, for  he  fays,  that 
although  the  right  line  C  E  be  fuppofed  equal  to  the  arch  C  H, 
notwithftanding  they  can  by  no  means  agree,  howfoever  they 
are  divided  ;  but  I  ask  whether  they  coniiftofan  equal  number 
of  points,  furely  fince  they  are  equal,  they  mu  ft  at  lea  ft  con- 
lift  of  an  equal  number  of  points,  to  wit,  of  Phyfical  ones  , 
or  then  all  are  toucht  by  the  arch  B  D,  or  feme  remain  uu- 
toucht,  and  fo  the  difficulty  returns  ;  He  fays,  the  points  of 
the  plane  B  F  are  right,  or  ftreight,  but  the  points  of  the  arch 
B  D  are  crooked  3  and  although  a  right  point  be  equal  to  a 
crooked  point,  and  although  one  whole  point  is  toucht  by 
another  point,  yet  notwdthftanding  they  are  not  toucht  alike, 
becaufe  the  extenfion  of  the  one  is  not  analogous  with  the 
extenfion  of  the  other,  and  he  alieadges  an  example. 

V 
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It- may*  be  objefted  againft  this  explication  in  the  firft  place 
freely,  that  each  Phyfical  point  compofing  a  Phyfical  and  real 
plane  may  be  made  ;  B  F  is  a  right  line,  but  each  point  com¬ 
pofing  the  periphery  of  the  Wheel, or  the  arch  BD,or 
Fig,  hi.  C  H  is  crooked,  for  why  cannot  the  fame  points  of 
fubfiance,  or  matter,  which  compofe  a  fuperficiaf 
plane,  compofe  a  crooked  plane?  Moreover,  when  a  rod  of 
Ironpor  a  plate  of  metal  is  made  crooked  by  bending,  are  there 
not  the  fame  points, if  nor  more, in  the  crooked  plane  after  bend¬ 
ing,  as  was  in  it  when  it  was  a  fuperficial  plane  ?  Secondly  >  a Ifo 
if  we  admit  the  points  B  F  to  be  plane,  and  the  points  B  D  to 
be  crooked,  and  fo  thefe  touch  not  in  an  adequate  proportion 
each  point  of  the  plane  B  F,  nevenhelefs  are  there  not  little 
vacancies  between  one  crooked  point  and  another,  which  for 
that  caufe  leave  un-touch t  the  points  of  the  plane  A,  B,  C,  &c  ? 
Befides,that  thole  crooked  points  touch  not  adequately,  to  wit, 
in  all  their  virtual  parts  the  plane  points  ABC,  doth  not  caufe 
that  in  each  inftant  wherein  the  Wheel  is  moved  by  the  mo¬ 
tion  of  the  orb.,  the  new  crooked  point  of  the  Wheel  ought 
not  to  a-nfwer  to  the  newr  point  immediateatly  next  to  that 
of  the  plane;  if  fo  be  the  point  of  the  Wheel  is  equal  to  the 
point  of  the  plane. 

The  fame  difficulties  occur  if  the  leffier  Wheel  be  eoncieved 
to  be  fo  moved,  that  its  Periphery  be  equal  to  the  plane  on 
which  it  infills  *  for  then  the  greater  Wheel  will  be  fo  moved 
that  its  Pheriphery  will  be  double  of  the  other  plane  which  it 
paffes  over  ,*  as  if  the  Wheel  A  B  L>  be  turned  upon  the  plane 
B  !,  and  fince  the  arch  B  D  is  equal  to  the  plane  B  I,  the  point 
D  will  arrive  in  I,  for  then  the  point  H  of  the  greater  Wheel 
at  the  the  fame  time  will  arrive  in  L,  when  notwithftanding 
the  arch'  C  H  is  as  great  again  as  the  plane  C  L  ;  wherefore 
each  point  of  the  plane  C  L  ought  to  anfwer  to  two  points  of 


the  arch  C  H. 

Befides  in  this  motion,  to  wit,  when  the  motion  of  the 
greater  Wheel,,  is  govern'd  by  the  motion  of  the  Idler  Wheel, 
ibmethings  happen  yet  more  lingular  ;  for  in  the  firffi.  place, 
forne  points  of  the  greater  Wheeh  go  .backward,  as  you  may, 
fee  after, that  -the,  Centre  of  the  Wheel  A,  is.  come  to  K,  and  the 


point .  D  is  come  to  I,  the  point  H  will 
quently  go  backward?  In  like  manner  th 
goes,  backward,  .after  that  kis  come  to 
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all  the  points' of  the  Quadrant  C  H  go  backwards,  but  the 
middle  point  R,  chiefly  goes  backward  mod  of  all,  for  it  goes 
down  from  R  to  S  as  appears,  but  the  other  points  go  back¬ 
ward  here  and  there  lets  and  iefs  fucceffively. 

Secondly,  fome  points  neither  go  forward  nor  backward,  viz,. 
in  the  end  of  the  motion,  when  the  point  H  comes  to  L,  *ri$ 
diftant  the  fame  meafure  as  before,  from  the  fame  term,  viz. 
from  the  line  C  N  3  So  the  point  X  will  be  in  2,  and  the  point 
Y  will  be  in  V,  and  fo  in  the  end  the  motion  gains  nothing 
of  fpace  towards  P  3  notwithftanding  his  to  be  obferved,  that 
thole  two  points  fometimes  go  forward  and  feme  times  back¬ 
ward,  fo  the  point  X  in  the  beginning  goes  forward  but  after 
wards  goes  backward,  but  the  point  Y  in  the  beginning  goes 
backward,  and  afterwards  goes  forward,  but  becaufe  they  go 
back  the  fame  fpace  as  they  go  forward,  they  acquire  no  fpace 
in  the  end  of  the  forefaid  motion. 

Thirdly,  all  the  other  points  of  the  arch  Y  Q^N  X  go  for¬ 
ward,  that  is,  in  the  end  of  the  motion  they  have  acquired 
fpace  towards  P  3  fo  the  point  N  wili  come  to  P,  the  point 
to  O,  the  point  T  in  b 9  &c.  neverthelels  all  thefe  points  go  not 
always  forward,  as  appears  from  what’s  faid  in  the  z  Frop.  but 
becaufe  they  go  forward  more  than  they  go  back,  therefore 
in  the  end  of  the  motion,  it  appears  that  they  have  gone  for¬ 
ward  3  In  like  manner  we  wili  fhew,  that  thofe  points  which 
are  in  the  arch  X  R  Y,  and  which  go  backward,  do  not  con¬ 
tinually,  or  always  go  backwards,  but  their  going  backwards 

appears  in  the  end  only,  becaufe  they  go  back  more  than  for¬ 
wards.  : 

•Thefe, things  being  noted  and  obferved,  it  will  not  be  hard 
to  explicate  all  thofe  motions  according  to  our  dodlrine^  for  to 
that  which  is  the  chief  head  of  the  difficulty,  we  fay  we  ought 
not  to  conlider  that  mixt  motion,  to  wit,  of  the  point  H 
(  while  the  whole  arch  C  H,  paffes  over  only  the  fpace  of  the 
plane  CL]  as  one^  only  and  lirnple  motion,  for  it  is  really 
many  ana  various,  lor  as  much  as  ’tis  Compounded  Phyfically, 
of  many  right  motions,  to  wit,  ’tis  compounded  in  the  firft 
place,  from  thofe  right  motions  which  compound  Circular 
motion,  then  tis  compounded  of  thole  and  of  another  right 
motion,  becaufe  the  Centre  A,  common  to  each  wheel  is 
inpved  From  whence  it  comes  to  pafs,  that  the  point  H,  in 
the  motion  of  the  orb  from  H  to  C,  while  it  goes  backward 

X  z  together 


1  5^  Mechanic 4  Power  si  Book  VIII* 

together  alfd,  while  it  goes  forward,  ’tis  carried  by  the  centre 
A,  and  as  it  were  carried  away  by  force  towards  P  •  notwith- 
Handing  it  doth  not  go  forward  and  backward,  in  thefame  Phy- 
fcal  inftant,  as  ^Father  Cabem  contends  for  in  his  book  o  f  Meteors, 
(  for  tis  impollibie  for  thefame  movent,  to  be  moved  by  two  op- 
poiit  motions  together  )  but  fo  that  fome  Inftants  it  mull  <?o for¬ 
ward,  and  in  others  backward,  which  muft  needs  be  faid  of  fome 
points,  as  X  and  T,  as  we  have  obferved  before,  to  wit,  if  the 
whole  time,  in  which  the  point  H  is  moved,  from  H  going 
down  to  L,  be  fnppofed  to  be  s  2  particles,  w'e  fay,  his  moved  • 
for  example,  j  of  thofe  parts  by  a  right  motion  from  H,  or 
from  A  in  P,  that  is,  by  {mall  parallel  lines  of  A  P  towards'  P  • 
and  the  other  7  particles  to  be  moved  in  the  oppofte  part  in 
going  backward,  from  whence  it  comes  to  pafs,  that  when  the 
regrelfion  is  greater  than  the  progrelfion,  in  the  end  of  the 
motion  the  regrelfion  only  appears,  to  wit,  when  it  comes 
in  L,  and  becaufe  thofe  particles  of  rime  wherein  fometimes  it 
goes  forward  and  fometimes  backward,  in  each  Ikon  time  are 
altnoft  innumerable  and  infenfible,  becaufe  of  the  brevity,  and 
makes  the  progreflion  and  regrelfion  by  turns,  any  motion 
and  time  being  alfigned  will  appear  only  in  the  end  of  the  pro¬ 
greflion  if  it  be  greater,  or  only  in  the  regrelfion  if  the  pro¬ 
greflion  be  lefler. 

Hence  you  fee  nothing  hinders  but  that  the  points  of  the 
plane  C  L,  are  in  number  fubduple  of  the  points  of  the  arch 
C  H,  when  notwithftanding  that  arch  pafles  over  only  that 
plane  CL;  for  by  the  method  explicated  by  us,  doth  two 
points  of  the  arch  very  well  fuccelfively  touch  one  and  the 
fame  point  of  the  plane,  to  wit,  if  in  the  fir  ft  infant  the  point 
C  of  the  arch  C  H,  while  the  arch  D  is  carried  by  the  centre 
A,  touches  the  point  of  the  plane  C,  which  in  the  anricedent 
inftant,  it  touched  not  ;  and  in  the  fecond  inftant,  another  point 
of  the  arch  next  to  C,  touches  that  fome  point  of  the  plane  C, 
while  the  motion  of  the  orb  goes  backward,  and,  as  I  may  fay, 
ereepeth  upon  that  point  C :  Then  again  in  the  third  inftant, 
the  third  point  of  the  arch  touches  the  fecond  point  of  the 
plane,  and  in  the  fourth  inftant,  the  fourth  point  of  the  arch 
ereepeth  upon  that  fome  fecond  point,  &c. 

But  it  may  be  faid  thar  cannot  be,  becaufe  the  centre  A 
ought  to  afeend  upon  the  line  P  A,  I  fay,  this  isabfur’d,  if  the 

motion 
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motion  and  the  circle  be  con fider’d  Mathematically,  but  not  if 
it  be  confidered  Phyfically,  for  it  afcends  and  descends  always 
in  fen  fib  ly ;  and  that  by  fome  fmall  part  of  the  plane  only,  and 
the  cotnpreifion  and  tenfion  of  the  wheel,  without  which  it 
cannot  be  Phyfically  moved  upon  the  plane,  as  will  clearly  ap¬ 
pear  from  what  follows. 

Therefore  all  occafion  of  Error  proceeds  fiom  this,  that  they 
would  apply  to  Phyfical  motion  and  Phyfical  quantity,  a  mo¬ 
tion  Mathematically  confidered,  or  quantity  and  the  nature  of 
a  circle,  which  is  not  given  after  a  manner  conceivable  ;  more¬ 
over  they  confider  the  motion  of  the  point  H,  by  the  crooked 
line  from  H  in  L,  all  one  as  if  it  were  one  only  motion,  when 
notwithftanding  ’its  manifold  and  divers;  like  as  they  confi¬ 
der,  for  Example,  the  form  of  mixt,  as  it  were  one  limple  form 
difiindt  from  the  forms  of  thofe  Elements  compounding  the 
mixt,  when  neverthelefs  his  not  fomething  abfoiutely  difiindt 
from  them,  but  only  in  the  manner  as  I  fhall  fhew  in  its  place; 
wherefore  alfo  that  mixt  Motion  may  truly  be  confidered  as 
one  fimple  motion  by  one  only  crocked  line,  becaufe  the  recti¬ 
tude  of  the  fmall  parts  of  which  Tis  compounded  is  nor  fen- 
fible,  like  as  the  lead  particles  of  Elements  are  not  fenfible  in 
mixt ;  but  notwithftanding  Tis  truly  compofed  of  the  motion 
of  the  fmalleft  right  lines,  fince  in  nature  there  cannot  be  given 
a  motion  perfectly  circular,  as  is  fliewn  before. 


P  RO  P  0  S.  V. 

A  Globe ,  or  Wheel,  while  ’ tis  moved  upon  a  plane,  whether 
Horizontal,  or  inclined,  is  moved  by  a  mixt  motion  ofta 
circular  and  a  right,  and  is  determined  according  to  a 
circular  motion  from  the  impediment  which  is  in  the  con~ 
tail  of  the  plane  on  which  'tis  moved . 

Fig.  1 1  i.*"TpHat  Tis  moved  with  a  mixt  motion,  appears  from 
1  what  hath  been  faid ;  and  that  the  circular  moti¬ 
on  about  the  centre  arifes  from  the  impediment  in  the  point 
of  Contaft ;  to  wit,  from  fome  refiftance  and  rubbing  of  the 
plane  is  proved,  becaufe  the  circular  motion  is  not  the  natu¬ 
ral  by  Prop.  4.  Therefore  it  ought  to  arifefrom  fomthing  witht- 
:  .  '  out  5:, 
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out;  but  circular  motion  as  fuch,  is  caufed  from  -impediment 
only  fuccelllveiy  determining  new  Impetus's  by  new  tangent 
lines 3  but  in  our  cafe  when  the  centre  is  not  impeded,  but  is 
alio  moved,  it  cannot  be  an  impediment  to  the  centre,  nor  to 
any  thing  that  adhears  to’ it,  fince  nothing  there  is  without  it, 
therefore  ’tis  impeded  from  the  plane  only.  Secondly,  ’tis 
proved,  becaufe  if  any  onepufh  forward  the  Globe  A  by  a  pufh 
tending  from  C  to  p,  in  a  line  parallel  ro  the  plane  8  E,  the 
Globe  neverthelefs  is  turned  on  the  plain  while  it  goes  forward 
in  E,  but  tis  rolled  in  vain,  unlefs  it  fuffers  fome  refiftance  in 
the  contadt  B 3  for  why  is  not  the  whole  moved  by  a  right 
motion,  it  fo  be  its  impetus  is  impreff  by  a  right  line,  and  pa¬ 
rallel  to  the  plane  B  E  ? 

You  will  fay  his  ealily  moved,  if  it  be  moved  by  the  mixt  mo- 
tion,  from  the  right  motion  of  the  Centre  and  the  circular  of 
the  orb,  but  why  is  it  moved  fo  ealily  ?  Moreover  the  Centre 
A,  doth  not  more  approach  to  the  Centre  of  the  Earth,  by  this 
that  the  Globe  is  moved  circularly,  for  his  always  diftant  to 
the  Semidiameter  A  B,  in  the  Horizontal  plane  B  E :  And  the 
impulfe  when  it  is  by  the  right  line  C  D,  is  eafier  deftmy’d  if 
the^Globe  be  moved  by  the  motion  of  the  Centre,  together 
with  the  motion  of  the  orb,  than  if  it  be  moved  only  by  the 
motion  of  the  Centre  3  yea,  ’tis  ealier  dedroyed  if  it  be  moved 
by  both  motions  than  by  one  only  3  but  chiefly  becaufe  the 
motion  or  the  orb  is  not  meafured  from  thaf  Impetus  by  a  right 
line,  but  only  by  the  motion  of  the  Centre.  ' 

You  will  fay,  when  it  defeends  by  an  inclined  plane,  it  de¬ 
scends  ealily,  if  it  be  moved  together  by  the  motion  of  the  orb: 
For  fince  in  this  cafe  the  Centre  of  gravity  is  without  the  line 
of  direction  towards  the  end  of  motion,  ’tis  determined  from 
its  Centre,  or  from  its  gravity  to  fuch  motion. 

I  anfwter,  neither  in  this  cafe  ought  the  motion  of  the  Orb 
to  move,  if  there  be  no  reliftance  of  the  plane,  for  the  reafocs 
are  niuder’d  up  3  for  by  this  that  ’tis  moved  with  a  circular  mo¬ 
tion,  it  comes  not  nearer  the  centre  of  the  Earth,  nor  to  the 
end  of  motion,  for  by  how  much  the  motion  of  the  upper 
points  are  acce derated,  by  fo  much  the  motion  of  the  lower 
points  are  retarded  by  that  motion  of  the  Oh,  as  appears  by 
what  is  faid  3  therefore  fuch  motion  is  in  vain,  when  no  im¬ 
pediment  is  taken  away,  for  Imp  tus  adds  only  to  take  away 
impediment,  as  is  often  faid  3  therefore  if  there  be  no  impe¬ 
diment 
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diment  in  the  point  of  Conrad,  why  doth  the  Globe  always 
infilling  in  the  fame  point  on  the  plane,  creep  not  on  the  plane  ? 
Doth  not  the  impetus's,  whether  they  be  violently  impreft  on 
the  Horizontal  plane,  or  by  their  natural  gravity  on  an  incli¬ 
ned  plane,  obtain  their  end  in  the  fame  manner,  yea,  caller,  as 
is  faid  ? 

Surely  if  a  Globe  be  ftript  of  all  gravity,  and  then  receive 
fome  impulfe  from  without  by  a  right  line,  and  fhould  this 
Globe  be,  in  a  vacant  place,  or  in  fuch  a  place  wherein  it  fuf- 
fers  no  refinance  to  motion,  or  no  more  in  one  part  than  in  a- 
»other,  there  would  be  no  reafon  why  it  fhould  move  by  the 
motion  of  the  Orb,  but  it  would  be  moved  or ly  by  the  mo¬ 
tion  of  the  centre,  by  a  line  determined  from  the  impreft  Im¬ 
petus,  whatfoever  the  fame  be,  whether  Horizontal,  or  irrclitF 
eel,  or  Perpendicular ;  for  why  fhould  it  rather  move  in  one. 
part  than  in  another.  »  *  *  o 

You  will  fay  from  the  forefaid  Experiments,  that  while  a 
Ball  is  thrown  through  the  Air,  ftis  moved  with  a  double  mo¬ 
tion,  to  wit,  of  the  Centre,  and  alfo  of  the  Orb  3  and  yet  in  ;■ 
the  Air,  there  is  no  rubbing  or  fcratching  with  the  plane,  nor 
no  impediment  5  yea,  it  feems,  if  the  refiftance  which  is  of 
Air,  ftis  equal  about  the  Ball,  that  therefore  it  fhould  not  move 
rather  in  one  part  of  motion  of  the  Orb  than  in  another. 

I  anfwer,  the  Ball  thrown  is  often  fo  thrown,  that  at  the 
fame  time  wherein  the  Impetus  is  imprinted  before  his  feparatedt 
from  him  that  throws  it,  is  not  imprinted  by  one  right  line  on¬ 
ly,  but  many  Impetus's  are  imprinted  fuccelfively  by  many  lines 
which  compound  fome  crooked  line,  for  the  Ann,  or  that 
which  cafts  the  Ball,  while  it  calls  it,  is  not  moved  by  a  right 
motion,  but  by  a  circular,  that  is,  the  Ball  being  feparared  : 
from  the  Arm,  while  thofe  Impetus's  are  propogated  in  it,  and.* 
new  ones  produced  by  the  fame  lines,  the  Ball  muft  neceftarily 
be  turn’d  roundabout  its  centre. Hence  it  is  that  oft-times  alfo  a  t 
Ball  is  a  little  turn’d  about  its  centre,  if  it  be  call  by  one  con¬ 
tinued  impulfe  by  a  right  line,  as  you  may  obferve:  Befides 
that  ftis  always  but  little  turn’d,  becaufe  ftis  never  made  fo  > 
Spherical  and  perfect,  but  the  Air  refills  more  one  part  than  a- 
nother  3  add,  that  if  it  be  not  truly  Homogenious,  or  all  alike, 
lb  that  the  centre  of  the  figure  altogether  agrees  with  the  cen¬ 
tre  of  gravity,  fince  it  can  fcarce  be  call  by  that  precife  line 
which  joins  each  centre,  if  it  be  not  call  by  this  line,  and  even. 
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fo  that  the  centre  of  gravity  be  right  before,,  and  prefently  is 
leparated  from  the  Thrower,  or  likewife  if  it  be  let  drop  free¬ 
ly,  and  falls  from  on  high,  it  turns  it  felf  until  the  centre  of 
gravity  be  placed  in  the  formoft  part  of  the  line  of  Direction, 
and  fo  it  contains  the  impetus  of  rotation  which  is  likewife  pro- 
fecuced  towards  that  part :  And  this  is  the  reafon  why  things 
that  are  thrown,or  caft  through  the  air,  are  moved  with  a  mixt 
motion  of  right  from  the  Centre,  and  of  mixt  from  the  orb,  and 
alio  of  thole  that  fall  of  their  own  accords ;  hence  a  Cylinder 
whofe  heavier  part  declines  downward,  while  it  fails  of  its  own 
accord  from  on  high,  is  not  turned  about  the  Centre, but  fome- 
times  about  the  axis,  from  the  unequal  refiftance  of  the  am¬ 
bient  air. 


P  R  0  P  0  S.  VI. 

In  the  depending  of  heavy  bodies  on  an  inclined  plane ,  or 
through  the  free  air ,  the  motion  of  the  orb ,  hinders  ’ not 
the  motion  oj  the  Centre . 

TI  S  proved,  becaufe  the  impediment  which  determins  the 
Ciicuhr  motion  in  the  Globe,  is  not  in  its  Centre,  but 
in  the  Periphery,  to  wit,  in  the  contaft  with  the  plane,  or  in 
the  con t aft  of  the  ambient  air  in  that  part  to  which  the  air  moft 
leliks  ;  and  this  impediment  hinders  indeed  the  motion  of  the 
whole  Globe,  and  at  the  fame  time  determines  in  it  the  Cir¬ 
cular  motion  \  but  that  circular  motion  hinders  not, nor  retards 
Khe  motion  of  the  Centre,  which  is  like  manner  tends  down¬ 
wards,  whether  the  Globe  be  moved  circular  or  not. 

Hence  one  impetus  deftroys  not  another,  unlefs  when  the 
impediment  of  the  motion  of  the  Centre  deftroys  the  natural 
impetus,  and  the  inclined  plane,  or  the  air  while  it  hinders 
the  motion  of  the  Centre,  and  deftroys  its  natural  impetus, 
produces  according  to  the  laws  of  reflexion  another  impetus 
by  rhe  tangent,  and  when  this  impetus  produces  fuccefliveiy 
a  new  one  by  a  new  tangent,  it  makes  the  motion  mixt,  or 
really  double,  to  wit,  the  motion  of  the  Centre  and  of  the 
oi  b. 


And 
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And  you  may  obferve  in  motion  on  an  inclined  plane,  not 
only  the  motion  of  the  centre  to  be  accelerated,  but  alfo  the 
motion  of  the  orb,  becaule  when  the  motion  of  the  orb  is  pro¬ 
duced  from  the  impetus,  by  the  refleftion  from  the  direct 
impetus, if  the  diredt  impetus  which  moves  the  centre  be  °reater 
the  reflected  impetus  is  alfo  greater. 

Alfo  you  may  obferve  in  this  motion  all  the  parts  to  move 
with  unequal  motion, as  may  be  gather’d  from  what  has  been 
faid  5  from  whence  ’tis  confirm’d  again, that  they  are  not  moved 
by  an  intrinfick  principle,  for  this  would  be  alike  efficacious 
or  powerful  in  every  part  and  fo  would  produce  an  equal  ef¬ 
fect  in  them  all. 

Hence  you  may  gather  the  reafon  of  the  Experiments  fol¬ 
lowing,  in  which  this  mixt  motion  appears  front  the  right 
and  circular  about  the  proper  Centre,  or  Axis. 

Experiment.  I. 


Play  Boys  make  fhort  darts  with  a  point,  in  one  end  whereof 
there  is  a  flit  cut,  and  paper  folded  like  a  fourfold  wing,  and 
put  into  it,  while  this  quavers,  or  /hakes,  the  point  goes  be¬ 
fore,  and  the  paper  fo  hinders  the  deflexion  that  ’tis  the  caufe 
that  while  the  dart  tends  rightly  to  the  mark,  ’tis  turned  to¬ 
gether  about  the  proper  axis  :  The  reafon  this,  becaule  the 
air  while  'tis  ftruckby  thofe  wings,  refills  the  motion,  which 
otherwife  would  carry  the  dart,  by  a  right  line,  and  it  qua¬ 
vers  to  and  again  and  hits  on  the  fides  of  the  Wings,  and  this 
certain  reflexion  together  with  the  dart,  is  converted  into  a 
circuit,  fince  this  motion  is  eafy  to  the  dart  and  hinders  not 
the  right  motion  ;  the  fame  may  be  faid  of  an  arrow. 


Experiment.  II. 


The  like  Phenomena  you  may  obferve  in  thofe  flitting  reeds, 
which  Boys  alfo  play  with,  for  they  fix  3  or  4  feathers  into 
wood,  or  a  bony  fheath,  which  while  they  Alike  the  air,  they 
force  that  wood  or  Cylinder  to  turn  it  felf  about  its  proper 
Axis  3  but  ifit  be  furnifht  with  only  one  feather,  this  circular 
motion  will  not  be  5  likewife  if  any  feather  be  broke,  or  not 
enough  fever’d  from  the  other,  the  circular  motion  ceafes :  But 
if  the  feathers  are  much  fever’d  from  each  other,  the  mono  1 
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is  {lower,  as  well  the  right  motion  of  the  axis,  as  alfb 
the  circular  motion  about  the  axis  :  And  the  featheis  ougnt  to 
be  To  fitted  riling  from  the  bottom  to  the  top  a  little  bent,  and 
made,  crooked  increafing  the  fevering  or  parting  :  Theieed  or 
little  Cylinder  of  wood  always  goes  befoie  in  the  motion,  and 
the  motion  of  the  Axis  afcends  more  fwift,  and  the  ciicular 
motion  about  the  Axis  lefs  fwift  3  moreover  after  theafcent  tis 
turned  downwards,  and  the  Axis  defcends  with  a  flower  mo¬ 
tion  than  before  it  afcended,  but  with  a  fwifter  motion  about 
the  Axis  :  And  the  reed,  or  little  Cylinder,  ought  to  be  fhoit 
and  weighty,  efpecialiy  in  the  end  that  goesfoimofl,  and  tne 

feathers  mull  not  be  too  long.  .  . 

Like  to  this,  is  that  motion,  which  boys  running  make  with 
a  double  flick,  furnifht  with  a  veil,  and  as  it  were  a  little  mill 
turning  about  the  centre,  which  is  fixt  to  the  moveable  Staff, 
or  Stick,  for  thofe  veils,  while  they  run  inthe  air  concieve  a 
converfion  and  circular  motion,  which  is  joined  \vith  a>  right 

motion,  .  A 

The  reafon  of  this  Experiment  appears  thus,  in  the  hi  it  place, 

that  reed,  or  little  Cylinder,  furnifht  with  feathers  goes  befoie 
with  a  right  motion,  becaufe  his  heavier  and  endued  with  a 
greater  impetus,  and  therefore  leads  the  feathers  whole  motion 
the  air  refills  more  3  and  in  refilling  it  comes  to  pals  that  they 
are  reflected  from  themfelves,  and  fo  turned  about  in  acncurr 
together  with  the  little  Cylinder.  From  tne  air  then  lexlecung, 
the  impetus  of  the  Feathers  is  imprinted  fucceflively  by  a  new 
tangent,  and  from  this  impetus  the  feathers  are  turned  about, 
and  with  the  feathers  the  Cylinder,  or  reed,  but  the  Cylinder,, 
or  reed  turns  not  the  feathers  as  a  certain  Author  luppoies,  to 
wit,  the  right  motion  of  the  reed  is  not  retarded  immediately, 
bur  the  right  motion  ot  the  Feathers,  which  becaufe  they  are 
light,  have  not  fufficient  Impetus  to  overcome  the  refiftance 
of  the  air,  but  mediately  and  coniequemly  the  right  . motion 
of  the  reed  is  retarded.,  and  determin’d  to  the.  motion  shout 
the  Axis  from  the  like  motion  of  the  feather  S3  hence,  it  b,y 
chance  the  feathers  ,  fail  off  from  the  Cylinder  in  the  way,  the. 
Cylinder  or  reed  makes  a,c.ertain  longer  fpace,  became  it  hath 
not  the  impediment  of  the  right  motion  from  the  feathers,  but 
as  yet  ’tis  turned  about  its. proper  axis  for  forne  little  time  by 
the  circular  Impetus  preconcieved,  which  is  not.piekntiy  ce¬ 
ll-  roved, , 
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Secondly,  ’tis  turned  about  the  axis  to  that  part,  to  which  the 
feathers  faffer  the  leaft  refiftance  of  air,  for  if  the  air  fihoukl 
equally  refill  all,  there  is  no  reafon  why  they  fhould  be  turned 
rather  in  one  part  than  another  ;  hence  they  ought  to  be  lb 
fitted,  that  they  may  Strike  the  air  unequally ;  which  will  be 
if  they  are  feperated  or  divided  unequally,  and  then  the  mo¬ 
tion  about  the  Axis  will  be  Swifter. 

Thirdly ,  one  feather  only  will  not  do  becaufe  it  hinders  the 
motion  but  little,  neither  is  there  in  it  an  unequal  refinance  of 
the  air,  of  which  Ifpake;  wherefore  there  are  required  two 
feathers  at  leaft,  but  three  are  better,  becaufe  they  lefs  hinder 
the  turning  about  the  Axis. 

Fourthly ,  if  the  feathers  are  not  feperated,  the  reed  is  turned 
about  the  Axis  little  or  nothing,  becaufe  the  air  refills  them 
but  little  j  but  if  they  are  much  feperated,  ’tis  moved  flower 
by  the  right  motion,  or  Axis,  but  fwifrer  by  the  motion  about 
the  Axis;  notwithftanding  if  they  are  too  much  feperated, 
the  motion  alio  about  the  Axis  is  flower,  becaufe  too  much  re¬ 
fiftance  of  air  retards  or  hinders  each  motion ;  wherefore  the 
feathers  ought  to  be  fo  fitted,  that  they  do  not  impel  the  air 
with  their  whole  fuperficies,but  divide  it  by  the  edge  as  it  were 
to  cut  it. 

Fifthly ,  if  the  feathers  are  fitted  in  a  right  manner  that  they 
be  neither  too  much  feperated,  nor  too  clofe,  but  a  little  bow¬ 
ed,  with  a  moderate  and  unequal  refiftance  of  air  which  their 
edges  divide ;  then  the  motion  of  the  reed  about  the  Axis  is  not 
only  jfwifter,  but  alfo  the  reed  is  projected  further,  becaufe 
the  feathers  are  more  eafily  broke  olf  from  the  reed,  and  a  lit¬ 
tle  refiftance  of  air  with  fome  inequality  fuffices  to  the  motion 
of  turning  about  the  axis,  fince  this  motion  is  eafy. 

Sixthly ,  It  afcends  fwifter  while  ’tis  extended,  than  it  de¬ 
fends  afterwards,  as  appears  clearly  ;  from  whence  that  is 
confirmed  which  we  have  fhewn  before,  that  heavy  things 
naturally  defcending  do  not  increafe  with  the  feme  kind  of 
velocity,  whereby  the  velocity  of  the  fame  things  call  or  thrown, 
decreases  while  they  afcend,  and  although  both  in  the  afcent 
and  defcent,  the  reed,  or  cylinder,  goes  before  the  motion  of 
the  Feather  ;  hence  while  it  afcends,  becaufe  the  Impetus  in  the 
beginning  is  greater  of  the  Feathers,  which  are  flexible  while 
they  fuller  the  refiftance  of  the  Air,  they  contract  themfelves, 
whence  it  comes  to  pafs  that  they  cut  the  Air  the  eafier,  a^d 

Y  i  therefore 
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therefore  the  reed  afcends  the  fwifter,  but  his  lefsfwiftly  turn'd 
about  the  Axis  ;  but  while  it  defcends,  becaufe  it  acquires  a 
lefler  Impetus,  the  Feathers  make  a  greater  fpreading  that  it  may- 
move  ortner  about  the  Axis. 

Seventhly ,  If  the  Reed  be  lighter,  it  cannot  contain  fo  much 
Impetus,  which  eafily  overcomes  the  refiftance  of  the  Feathers* 
wherefore  that  it  may  hold  out  at  length,  fo  much  impetus  is- 
required,  that  the  Feathers  cannot  draw  themfelves,  unlefs 
from  a  great  refiftance  of  Air  they  happen  to  be  very  much  con- 
traded,  which  while  they  are,  it  cannot  be  moved  about  the. 
Axis.. 

Eightly,  If  it  be  longer,  his  harder  turn'd  round  the  Axis, 
Becaufe  it  ealily  fhakes  to  and  again 5  but  the  Feathers  cannot 
together  hinder  the  fhaking,and  imprefs  the  circular  impetus  ro<- 
the  Reed  Ihaking. 

Ninthly,  If  the  Feathers  are  longer  than  needful*  they  hin¬ 
der  the  right  motion,  or  if  they  are  likewife  too  broad,  or  too* 
much  feparated,  or  if  they  are  tooftiort,  and  much  conrraded,. 
they  are  nor  determined  to  motion  about  the  Axis,  for  the  rea- 
fons  aifigned  ;  wherefore  care  muft  be*  taken,  as  well  to  the 
length  as  the  breadth,  and  feparation  refpedively  to  each  o- 
ther  between  themfelves,  and  to  the  gravity,  or  deviry,  length, 
or  fiiortnefi  of  the  Reed,  or  Cylinder. 

Tenthly  an&Laftly,  the  motion  of  the  bearing,  and  about  the 
Axis  is  mixt  of  a  triple  motion,  one  whereof  is  from  the  vio¬ 
lent  Impetus  while  it  afcends,  another  from  the  gravity,  and  the* 
third  from  impetus  by  reflected  motion,  fucceftively  by  divers 
tangents  whereby  the  circular  motion  is  effected  .;  and  from  a II 
thefe  motions,  refults  the  fpiral  motion  as  is  man ifeft,  and  a 
fpire  is  conceived  about  a  crooked  Cylinder,  which  polleftes . 
the  whole  place  of  air,  or  the  way  which  the  Reed  fuccellive- 
ly  Occupies. 

o  Hence  his  eafy  from  what  has  been  laid,  to  determine  the 
lines  which  are  defcribedi  by  each  point  of  the  Reed,  and  alfo - 
of  the  Feathers  5  in  which  aifo  fome  trembling  motion  always-. 

intervenes., 

Alfa  a  reafon  appears  of  the  motion  of  the  double  ftaff  co¬ 
vered  with  the  veil,  which  is  turn'd  about  circularly,  while 
in  the  interim  his  conveyed/  by  a  right  motion  Horizontally  by 
boys,  as  they  run;  aifo  that  motion  is  manifeft  to  be  fpiral, 
which  hath  Spites  more  thick  and  clofe,  in  which  his  moved . 

more. 
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more  fwifc  about  the  Centre,  and  flower  by  the  motion  of  the 
Centre. 


P  R  0  P  0  S*  TIL 

A  reafon  may  be  given  why  a  little  Wheel ,  or  little  Globe, 
being  preft  againft  a  table ,  is  fir Jl  thruft  forwards,  but 
afterwards  turns  it  f elf  back  again  upon  the  Table,. 

T  He  reafon  is,  faecaufe  while  "Lis  ftrongly  preft  again  the; 

Table  under  it,  this  refifts  that  in  the  point  of  contact, 
and  while  at  once  the  Impetus  is  impreft  forward  by  the  retra&i- 
on  of  the  Finger,  new  contacts  are  made  in  other  points  often 
nines,  that  therefore  it  conceives  a  circular  motion  coatraiy 
to  that  whereby  ’tis  moved,  if  the  Impetus  be  only  fmpreft  for¬ 
wards  Horizontally ;  hence  ’tis.  that  while  it  runs  forward,  at 
the  fame  time  ’tis  moved  circularly  about  the  Centre,  by  the 
motion  of  rotation  back  again,  vise,  towards  the  Finger;  and: 
becaufe  that  circular  impetus  continues  longer  than  a  right,  one,, 
this  ceafing,  the  other  continues  and  compleats  its  effect,  and' 
fothe  Globe  turns  back  again;  for  it  cannot  be  turn’d  about  its 
centre,  while  it  refts  upon  the  Table,  unlefs  ar  once  it  be  mo¬ 
ved  with  a  right  motion  of  the  centre  towards  the  fame  part  by: 
the  refiftance  of  the  Table  in  the  point  of  contact,  where  you 
fee  this  motion  truly  to  proceed  from  fome  reflection,  for  the : 
impetus  impreft  backward  after  that, is  fo  weak  (  for  ’tis  weak- 
ned  from  the  reliftance  of  the  plane  TabJeJ  that  it  cannot  over¬ 
come  the  reliftance  which  is  in  the  point  of  contact,  from  the ■* 
Tables  refilling  ’tis  fomewhat  reflected,  and  when  the  circu¬ 
lar  impetus  continues,  whofe  effect  is  ealily  obtained,  neither 
can  it  be  obtain’d  but  that  it  muft  role  back  again,  therefore, 
’tis  no  wonder  that  it  retroceeds,  . 

Therefore  ’tis  falfe,  that  any  impetus  can  perfevere  without; 
the  motion  which  exacts  it,  as  Father  Cabens  would  have  it  *  , 
for  a  little  Globe,  or  little  Wheel,  is  always  moved  with  a  cir¬ 
cular  motion  about  its  centre  towards  the  extrudent,  in  the; 
fame  time  wherein  the  motion  of  the  centre  tends  forwards  y 
yea,  I  have  obferved  diligently,  that  if  fometimes  one  touch, 
a.  Globe  while  it  runs  forwards,  it  will  not  tole  about  its  pro- 
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Per  centre,  bur  creep  upon  the  Table,  which  it  always  touch¬ 
ed!  in  the  fame  point,  then  the  Globe  reflects  not,  nor  goes 

bade*,  .  ...  -  - 

And  his  to  be  obferved,  that  while  the  Globe  tends  for¬ 
wards,  the  motion  about  the  centre  is  weak  and  flow7,  to  wit, 
becaufe  the  right  motion  upon  the  Table  in  a  manner  refills  the 
contact,  for  it  drives  out  the  motion  aoout  the  centie  into 
the  oppofice  part,  to  wit,  forward ;  but  ^  the  impetus  ceafing, 
whereby  kwas  moved  forward,  the  impediment  oi  the  motion 
about  the  centre  ceafes,  yea,  it  acquires  a  new  determination 
to  this  motion,  to  wit,  from  the  reflection  of  the  planes  refi¬ 
nance. 

This  reafon  afligned  by  us,  appears  not  only  from  this,  that, 
as  I  faid,  the  Globe  is  not  rolled  back  again,  unlefs  it  be  rolled 
about  the  centre  alfo,  in  the  fame  time  w^hich  it  runs  forward  3 
but  alfo  from  this  following  experiment. 

Experiment  III. 

Fig.  1 1 3.  Grafp  the  Globe  A,  fo  with  your  Fingers  about 
the  Pole  A,  and  the  other  oppofite  to  it,  that  you  may  imprint 
the  circular  Impetus  about  thofe  Poles,  or  about  the  Axis  wheie- 
by  his  moved  From  E  through  H  to  G;  and  at  the  fame  time, 
cad  the  Globe  through  the  Air,  fo  that  it  goes  by  the  line  E  F 
C,  and  falls  upon  the  Horizontal  plane  in  B,  if  that  motion  a- 
bout  the  Axis  be  fwift  enough,  either  it  will  flay  in  the  point  of 
contact  B,  and  yet  it  will  be  turn’d  about/or  fometime  up- 
on  the  Axis  from  C  through  D  in  B,  or  alto  many  times  tis 
reverted  from  B  towards  G  upon  the  plane  ;  where  it  appears, 
in  fo  much  as  the  Globe  is  determin’d  to  the  motion  of  ro- 
iing  back  again  upon  the  table,  or  Pavement,  after  that  tis 
call  or  thrown  forward  through  the  Air,  in  fo  much 
Fig.  HA.  alfo  it  hath  the  motion  about  the  Centre^  while  it 
is  borne  through  the  Air;  for  from^this  it  is  that 
the  impetus  Being  deflroyed,  by  which  it  tends  forward,  while 
the  Globe  falls  on  the  pavement,  his  necelfarily  from  thence  re¬ 
flected  back  again.  For  the  Globe  projected  in  the  Air,  pro¬ 
ceeds  by  the  line  A  B  C  D,  and  in  the  mean  while  is  turned 
from  B  towards  C  D  about  the  Centre  C,  while  it  touches  the 
Pavement  E  D  In  D,  according  to  the  laws  of  reflexion  it 
ought  to  reflect  in  F,  and  proceeding  further  to  the  fame  part 
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with  fo  much  impetus  as  DI;  but  if  that  impetus  be  final 
(even  as  his  when  the  line  C  D  comes  near  to  the  perpendi¬ 
cular  CL)  and  the  impetus  whereby  his  moved  about  the  Cen¬ 
tre  be  pretty  ftrong,  this  prevails  over  that,  and  while  it  per- 
feveres  the  Globe  mult  needs  role  towards  E  upon  the  Pave¬ 
ment  ,  hence  it  does  not  always  go  hack,  but  only  then  when 
the  motion  about  the  Centre  is  rfwift,  and  it  falls  upon  th£ 
pavement  by  a  line  which  approaches  more  to  a  perpendi¬ 
cular.  j 


P  R  0  P  O  S.  VIII. 

The  motion  of  a  Rope, or  of  a  Bailor  Globe ,  faflned  to  the  end 
of  a  Rope  about  a  Cylinder,  is  a  Spiral  motion  compounded 
of  many  Circular . 

Spiral  motion  is  divided  into  many  kinds,  one  whereof  is 
when  the  motion  is  made  about  the  fame  Cylinder,  fo 
that  the  circles  are  always  equal,  and  this  is  mixt  of  circular 
only  and  right :  Such  as  we  (aid  was  the  motion  of  the  reed, 
or  Cylinder,  furnifht  with  feathers  3  and  of  the  double  ftaif 
provided  with  a  veil,  &c.  and  there  is  another  Spiral  motion  • 
alfo,  which  is  made  about  the  fame  firm  centre,  but  by  cir¬ 
cles  or  wreaths  enlarged  or  leffened  fucceflively  more  and  more, 
or  departing  from,  or  approaching  to  the  fame  centre  j  more¬ 
over  there  is  another  Spiral  motion,  in  which  the  wreaths  are  : 
not  only  enlarged  or  lelfened  fuccelfively,  but  they  likewife  re¬ 
tire  from  the  former  centre,  to  wit,  it  always  changes  the 
centre,  and  this  is  mixt  of  many  circular,  and  of  the  right  mo¬ 
tion  of  the  centre ;  but  the  fecond  kind  of  Spiral  mo¬ 
tion  is  mixt  of  leifer  circles  only  fbccelfively  j  thefirft  Fig.  1  rj. 
fpiral  motion  is  fhewn  by  the  figure  A  B,  the  fe¬ 
cond  by  the  figure  C  D,  the  third  by  the  figure  E  F. 

Thefe  things  being  fore-known,  if  we  confider  the  motion 
of  a  rope  about  a  Cylinder,  whether* the  rope  be  turn’d  about  , 
by  the  Cylinder  by  circles,  having  divers  centres  in  divers  , 
points  of  the  Axis  of  the  Cylinder,  if  it  be,  his  a  fpiral  motion ,4 
of  the  firft  kind  j  but  if  the  motion  of  any  determinate  point 
in  therope.be  confider’d,  as  for  example,  the  end  cf  theRope 
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or  the  Globe  arinext  to  the  end  of  it,  then  either  it  may 
fo  be  turned  about  by  the  Cylinder,  that  the  fame  centre  al¬ 
ways  remains  in  the  fame  point  cf  the  Axis,  and  then  it  ap¬ 
pears,  that  fince  the  radius  is  fhoitned  fuccdfively,  from  that 
Globe  is  made  a  fpiral  motion  of  the  fecond  kind,  which  is 
compounded  of  circular  motion  only,  for  there  may  be  per¬ 
ceived  fo  many  circular  motions,  although  not  perfect,  as  there 
are  wreaths,  or  rather  fo  many  new  determinations  to  new 
circular  motion,  as  there  are  conceived  Radius* s  one  fucceflive- 
ly  fhorter  than  another ;  or,  it  may  be  fo  turn’d  about  by  the 
Cylinder,  that  the  centre  is  changed  at  once,  and  then  the  mo¬ 
tion  of  the  Globe,  or  the  end  of  the  Rope,  will  be  a  fpiral  mo¬ 
tion  of  the  third  kind,  fuch  as  may  be  conceived  to  be  made 
about  the  Cone  E  F,  from  F  in  E,  which  appears  to  be  mixt 
from  a  right  motion  of  the  centre,  through  the  Axis  of  the 
Cone,  or  Cylinder,  and  of  many  circular  ones  intelligible  by 
Sence ;  for  it  cannot  truly  be  faid,  that  there  are  many  circu¬ 
lar  motions,  fince  none  makes  a  perfect  circle,  yea,  no  part  of 
that  fpiral  line  is  part  of  a  circular  line  ,  but  if  it  be  taken  as  a 
final!  part,  his  a  right  line  from  what  hath  been  faid  before  ; 
If  as  a  compounded  parr,  it  confifts  of  many  right  lines, 
of  .many  Tangents,  yet  not  of  the  fame  circle,  but  of  divers  cir¬ 


cles  as  appears. 

Hence  his,  that  if  a  Cylinder  be  thicker,  and  a  Rope  of  the 
fame  length  being  put  on  it,  his  eafier  and  with  lefs  imprinted 
impetus  turn’d  about  by  the  Cylinder^  to  wit,  becaufe  the  parts 
of  the  circumference  of  the  Cylinder  are  thofe  which  refill:  by 
Impulfe  by  a  right  line  imprefi  in  the  beginning,  and  by  the  im¬ 
pediment,  or  a  certain  reflection,  they  determine  to  new  and 
new  lines  oftentimes  3  and  by  how  much  greater  the  circumfe¬ 
rence  is,  by  fo  much  the  Ids  frequent  is  that  new  determinati- 
on,  as.  appears  from  what  has  been  faid,  and  fo  the  Idler  im¬ 
petus  is  deflroyed,  as  that  which  is  moved  by  a  greater  circle 
is  lefs  wearied  or  tyred. 

Secondly.  It  appears  why  a  Globe  doth  not  afcend,  nor  is 
turn’d  about  by  a  Cylinder,  if  the  impetus  be  too  weak  in  pro¬ 
portion  to  the  Jthicknefs  of  the  Cylinder,  or  to  the  length  of 
the  Rope  ;  for  although  it  be  fo  great  that  a  right  line  could  af- 
cend  to  that  height,  yet  while  it  often  fullers  refiftance  by  re¬ 


flections  and  new  determinations,  his  much  abated. 


Thirdly , 
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Thirdly ,  if  it  be  once  turn’d  about,  it  effe&s  all  the  reft  of  the 
turnings  about  eafily,  becaufe  the  circles  are  fucceftively  leftened, 
and  fo  the  motion  is  always  idler,  when  notwithftanding  the 
former  impetus  perfeveres  almoft  the  whole  time:  For  if  once 
the  imprinted  impetus  decreafes  lefs  than  the  wreaths  decreafe, 
one  of  the  greater  wreaths  being  finiflit,  the  other  Idler  are  aifo 
eafily  and  therefore  fwifter  accomplice,  and  the  velocity  is 
increafed  proportionally  to  the  leffening  of  the  wreaths,  not  ab- 
folutely  but  comparatively  to  the  remaining  impetus,  fince  alfo 
here,  as  is  faid,  ’tis  decreafed  or  leffened  fucceftively,  notwith¬ 
ftanding  lefs  than  the  wreaths ;  for  if  the  wreaths  and  the  im¬ 
petus  were  leftened  equally,  the  motion  would  not  be  quick- 
ned. 


P  R  0  P  0  S»  IX.  Fig.  n6. 

If  a  Globe, or  Wheel ,  he  moved  and  turned  about  on  a  crook¬ 
ed  fuperficies  which  is  immoveable  fit  makes  a  mixt  motion 
from  a  double  circular . 

LEt  the  crooked  fuperficies  be  A  BC,  upon  which  the  Globe 
B  D  is  turned  towards  C ;  while  the  point  E  comes  to  F, 
the  Centre  of  the  Globe  H  comes  to  G.  For  the  Centre  alone 
is  moved  only  by  a  circular  motion  through  the  arch  H  G 1 5 
but  all  the  other  points  of  the  Globe  are  moved  circularly  by 
the  motion  of  the  Centre,  and  in  like  manner  aifo  by  a  circu¬ 
lar  motion  about  the  proper  centre,  or  axis. 

But  ’ris  to  be  obferved,  that  this  mixr  motion  may  be  con  ft- 
der  d  divers  ways,  for  the  crooked  fuperficies  on  which  the 
Globe  is  roled  is  either  convex,  or  concave;  and  again,  the 
Globe  is  turned  either  on  a  greater  circle,  or  a  Idler,  or  an  e- 
qual  5  if  notwithftanding  the  Concave  be  equal  or  leffer,  the 
Globe, or  Wheel,  cannot  be  moved, as  appears. 

Moreover,  obferve  that  the  Globe  B  D,  whether  it  be  lefs, 
or  equal,  or  greater,  than  the  Wheel,  or  crooked  Superficies, 
on  which  his  moved,  may  be  fo  moved  that  the  Line  of  the 
moveable  Globe  B  E,  which  fucceftively  touches  the  Circle 
A  B  C  is  equal  to  the  Line  BF,  when  the  point  E  comes  to  If 
or  it  may  fo  be  moved  that  the  line  B  E  is  Idler,  or  Lilly,  to 
that  it  be  greater  than  B  F. 
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Thirdly ,  the  forefaid  Globe  may  be  underftood  to  move  by 
the  motion  of  the  Centre  towards  C,  and  in  like  manner  by 
the  motion  of  the  orb  towards  A,  to  wit,  fo  that  the  point  B 
tends  to  E  and  D,  ehv.  and  in  each  cate  the  motion  of  the 
Centre  may  be  equal  to  the  motion  of  the  orb,  or  greater,  or 
leifer. 

Fourthly,  Note,  that  if  Copernicus  his  opinion  be  true,,  that 
the  earth  is  moved  with  this  mixt  motion,  to  wit^by  the  mo¬ 
tion  of  Centre  through  a  circle  of  the  greater  orb  about  the 
Sun,  and  by  the  motion  of  the  orb  about  the  proper  Centre  j 
and  the  motion  of  the  Centre  fliould  be  greater  than  the  motion 
of  the  orb,  according  to  the  common  opinion  concerning  the 
Diameter  of  the  great  orb,  which  the  earth  runs  through  in  one 
whole  year :  Where  alfo  obferve,  that  every  point  of  the  fame 
parallel  Circle  are  moved  with  unequal  velocity ;  for  whe¬ 
ther  we  fuppofe  the  motion  of  the  orb  and  the  motion  of  the 
Centre  to  be  towards  the  fame  part,  fuppofe  towards  C,  when 
the  point  E  comes  to  F,  and  the  Centre  H  in  G,  the  point  B 
will  be  in  E,  and  the  point  D  will  be  in  L,  wherefore  the  point 
of  Contaft  B  is  moved  flowed  of  all,  but  the  oppofice  point  D 
fwiftefl  of  all  $  that  anfwers  to  the  Nocturnal  meridian,  this  ro 
the  Diurnal  meridian.  Or  whether  we  fuppofe  the  earth  to 
be  moved  by  the  motion  of  the  Centre  towards  C,  and  the 
motion  of  the  orb  from  B  in  E,  D,  in  this  cafe  the  con¬ 
trary  happens,  to  wit,  the  point  of  Contact  B  is  moved  fwiftefl 
of  all,  for  it  comes  to  L,  and  the  point  D  flowed,  for  it  comes 
to  E  ■  ’  and  thefe  kinds  of  motion  of  divers  points  of  the  fame 
circle  will  be  flower, or  fwifter,  according  to  the  divers  propor¬ 
tions  of  velocity  of  the  motion  of  the  Centre,  and  the  motion 
of  the  orb,  neverthefefs  all  will  be  by  crooked  lines,  as  appears 

by  what  has  been  faid.  '  .  r 

Fifthly,  after  this  lad  manner,  feme  Epacides  are  laid  to 
move  by  Adrpnomers,  to  wit,  by  =  the  motion  of  the  Centie 
to  the  Ead,  according  to  the  Series  ot  the  Signs,  or,  as  they  lay, 
in  the  Confequent$  fuppofe  the  Centre  C  towards  A,  and  the 
Supream  point,  or  the  Planets  Jpogaum  D,  moved  in  the  op¬ 
posite  part  from  Din  E  towards  the  wed,  and,  as  they  lay,  in 

the  Antecedent.  *  ,  ,d 

But  fince  the  forefaid  motion  may  be  divers  according  to 

the  divers  magnitudes,  and  proportions  of  the  Circles,  it  ap- 

Dears  nevenhekfs  from  the  doctrine  deliver  d  beiore,  tnat  the 
r  ’  lines. 
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lines  of  all  the  points  defcribed  by  the  motion  of  any  circle,  may 
be'  determin’d  howfo’ver  ’tis  moved  on  one  or  another,  which 
may  be  of  great  ufe  in  Aftronomy. 


P  R  0  P  0  S.  X. 

Phs  Spiral  motion  of  Spheres  may  be  explicated ,  to  wit, 
when  a  Sphcere  is  moved  by  a  motion  mixt  of  Right  and 
Circular,  or  of  two  Circular  ones. 

F/>.  1 17. TT  Or  in  the  firft  place, let  the  Sphaere  BC  be  moved  by 
°  r  its  centre  A  through  the  right  line  AH,  and  at  the- 

faine  time  turn  it  about  the  axis  B  C  ;  moreover  every  point, 
except  the  Poles  B,  C,  deferibes  Spiral  lines,  as  if  they  were 
Spires,  or  wreaths,  about  divers  Cylinders,  about  the  greater 
Cylinder,  truly  the  fpire  which  it  deferibes  is  from  the  point 
F  or  G,  but  about  the  leflfer,  which  is  defcribed  from  the  point, 
next  to  the  Pole  C  or  B.  But  if  it  be  turned  about  the  Axis 
FG,  or  any  other  oblique,  it  will  be  another  divers  mixt  mo¬ 
tion  in  divers  points,  whofe  lines  may  eafily  be  found  by  the 
forefaid  dofirine. 

In  the  fecond  place,  let  the  point  G  be  moved  through  the 
arch  GC,  and  at  the  fame  time  underftandit  to  move  about 
the  Axis  B  C,  it  will  be  a  Sphacrical  Spiral  motion  mixt  of  a 
double  circular. 

Thirdly ,  let  the  fame  point  G  be  moved  through  the  right 
light  line  G  C,  while  ’tis  moved  alfo  about  the  Axis  B  C  ;  the 
motion  will  be  conicaly  Spiral,  mixt  of  Right  and  Circular. 

Befides  the  Spharic  Spiral  motion ,  there  may  be  made  another 
motion  Conoid  Spiral ,  to  wit,  if  a  Conoid  be  turn’d  about  one,  or 
'about  the  other  Axis,  while  its  point  is  fomewhat  moved 
through  a  right  line ;  and  ’tis  of  a  threefold  kind,  viz,,  either 
Elliptic ,  or  Parabolic,  or  Hyberholic ,  as  appears  by  Geometry,  and 
from  the  Mechankk  defeription  of  thole  figures. 
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In  the  motion  of  a  globe  upon  a  plane ,  three-fold  motion  may 

conjoined,  fo  that  it  may  he  mixt  of  a  Right  and  two  Or - 
j  culur  ones.  »  - 

•  '  •  '  ■  V  '■  .  1  '  ' 

^TpHis  experiment  appears  from  the  game  at  Billiards  in  play- 
1  ers  balls,  for  while  the  Centre  is  moved  through  a  right 
line,  and  the  other  points  about  . the  Centre*  fuppofe  in  a  ver¬ 
tical  circle,  if  the  globe  either  by  oblique  reflexion,  or  by  a 
new  impulfe,  be  never  fo  little  turn’d  afide  about  the  Horizon¬ 
tal,  or  other  line,  it  concieves  another  circular  motion  alfo  by 
that  line,  and  fo  befides  the  right  motion  of  the  Centre  there 
is  a  double  circular.  And  from  this  appears  the  reafon  of  the 
faid  plays  j  as  for  example, while  the  ball  is  moved  by  the  right 
motion  of  the  Centre,  and  by  the  circular  motion  of  the  orb 
together,  if  the  Chord  be  toucht  lightly  5tis  turned  a  little  a 
fide  and  makes  another  circular  motion.,  from  whence  it  follows 
afterwards,  that  the  leap  decieves  the  player,  becaufe  the  new 
circular  motion  acquires  a  new  determination  in  the  refledli- 
on,  &ca 


PROP  0  S.  XII. 

A  Globe  3  or  fuch  like  hody,  infi fling  on  a  plane  cannot  move 
circularly  about  the  P enpendicular  Axis,  unlefs  at  the 
fame  time  it  he  imprinted  hy  a  double  impetus  in  oppofite 
,  parts.  Fig .  1 1 8. 

Y  Et  the  Gfbbfe,  or  Top,  fuch  as  children  play  with  of  a 
jLj  Conoid  figure  be  A  B,  reding  on  a  plane  in  the  point  B, 
and  you  would  have  it  move  about  the  axis  A  Bin  an  Horizontal 
circle  C  D  :*  I  fay, it  cannot  fo  move,  unlefs  all  under  one  it  be 
impreft  3  or  forced  by  a  double  oppofite  impetus,  one,  for  ex¬ 
ample,  in  C  towards  the  right  hand,  and  the  other  in  D  towards 
the  left  hand  part  3  the .jreafon  is,,  becaufe  if  it  be  forced  by  one 

impetus; 
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impetus  only  it  will  be  determined  to  one  only  right  line,  and 
fince  there  is  no  impediment  fuppofed,  which  may  hinder  the 
Globe  that  it  fhould  not  be  moved  by  that  line,  it  will  be 
moved  by  it,  and  fo  be  turned  on  the  plane  in  the  vertical 
circle  AC  DB,  but  the  top  will  fall  to  that  part  towards  which 
the  impetus  is  impreft.  But  if  at  the  fame  time  another  impe¬ 
tus  beimpreft  on  the  oppofite  parr,  when  thefe  two  impetus’s 
are  not  by  the  fame  line, but  by  two  divers  lines  parallel  to  each 
other,  either  may  have  its  effeCt  by  chance,  and  when  one  at 
once  hath  the  reafon  of  the  impediment  with  refpeCt  to  the 
other,  leaf  the  Globe,  or  top,  profecute  the  motion  by  right 
lines,  rtis  determined  to  circular  motion,  for  neither  c  in  thofe 
two  impetus’s  obtain  their  effeCts  any  other  way  5  hence  it  is, 
that  the  top  being  taken  by  the  head,  or  its  end  of  the  Axis  A, 
and  being  call  off  by  the  fingers  in  contrary  parts  we  make  it 
Spin,  or  turn  in  circuits 3  and  it  perfeveres  this  circular  motion 
a  long  time,  becaufe  the  impetus  Is  not  deftroyed  by  the  weight 
fince  the  top  is  in  Equilibrio,  but  the  only  by  rubbing  with  the 
plane,  and  from  fome  refinance  which  every  moment  changes 
the  determination  of  the  tangent  lines;  hence  the  fmoother  the 
plane  is,  and  the  fharper  the  point  of  the  top  is,  the  longer 
time  it  fpins,  or  profee utes  the  motion. 

But  when  we  wind  a  firing  about  the  top,  and  retain  the 
other  end  of  it  in  the  hand,  and  calling  it  from  us  it  fpins, 
then  in  like  manner  that  double  impetus  happens  in  the  oppo¬ 
fite  parts;  for  not  only  while  the  firing  DE  unfolds,  doth  it 
draw  towards  us  the  point  D,  but  at  the  fame  time  with  the 
fame  firing  we  throw  the  top  from  us  like  a  fling ;  and  the  mo¬ 
tion  of  the  top  endures  longer  being  call  in  this  manner,  by  fo 
much  as  the  impetus’s  are  greater  and  the  firing  die  longer, 
becaufe  a  power  applied  remains  longer,  and  while  the  pro¬ 
jected  impetus  perfeveres  the  other  impetus  of  the  firing  being 
retraced  in  the  oppofite  part,  and  hindering  the  former  im¬ 
petus,  gives  many  new  determinations  to  new  and  new  tan¬ 
gents. 

While  the  top  is  call,  it  makes  a  motion  mixt  from  the  right 
motion  of  the  centre,  and  of  the  Horizontal  circular,  as  appears, 
oralfo  of  another  right  motion  which  tends  downwards. 

Secondly ,  when  it  infills  on  a  plane,  If  the  feme  point  on  which 
it  infills  be  moved  only  by  a  circular  motion  about  the  axis., 
then  his  faid  to  fleep,  yet  in  truth  the  motion  of  the  Axis  is 

but 
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but  little  moved  about  the  Centre  of  gravity  which  is  in  the 
Axis  ;  but  becaufe  it  either  finds  it  on  the  plane,  or  makes 
hollow  fome  little  trench  of  it  felf,  this  trench  detains  the  Axis, 
leaft  it  fhould  go  out  of  it,  unlefs  afterwards  the  Axis  begins  to 
incline  more. 

Thirdly ,  thereupon  it  moves  always  by  a  motion  mixt  of  a 
circular  about  the  Axis,  and  of  a  circular  of  the  ends  of  the  Axis, 
fo  that  alfo  if  any  point  of  the  Axis  remain  immoveable, yet  the 
extream  points  of  the  Axis  defcribe  two  circles,  one  in  the 
plane,  the  other  in  the  air  above. 

Fourthly ,  fometimes  another  motion  of  the  whole  Axis  hap¬ 
pens  to  the  forefaid  motions,  which  is  carried  about  not  in  a 
perfect  orb,  but  fpirally,  the  Spires, or  wreaths,  fuccefiively  more 
and  more  contrafling  untill  it  begins  to  deep  ;  and  this  motion 
is  always  on  that  part  to  which  the  outer  portion  of  the  top 
by  its  motion  is  turned  about  the  Axis;  to  wit,  becaufe  this 
Spiral  motion  of  the  Axis  is  determined  from  the  circular  mo¬ 
tion  about  the  Axis ;  you  fee  therefore  many  motions  in  a  top, 
one  about  its  Axis  in  an  Horizontal  circle,  another  of  the  fame 
Axis,  and  the  Spiral  of  the  Centre  ;  laftly,  another  of  the  turn¬ 
ing  round  of  its  Axis  about  fome  of  its  points,by  which  motion 
of  turning  or  trembling  the  forefaid  little  circles  are  deferibed 
by  the  top  and  point  of  the  Axis. 

'  But  the  Impetus  of  the  orb  about  the  Axis  ceafing  after  that, 
and  the  turning  about  and  the  inclination  of  the  Axis  prevail¬ 
ing,  the  Centre  of  gravity  fo  departs  from  the  line  of  direflion, 
that  the  Impetus  of  the  orb  cannot  keep  the  Axis  erefl,  the 
top  falls ;  and  then  becaufe  in  it  there  remains  as  yet  much  of 
the  former  impetus,  it  makes  Hill  fome  oblique  turnings  or 
Circuits,  which  although  they  feem  to  be  made  in  the  oppofite 
part,  yet  they  are  made  (if  you  attend  rightly  )  on  the 
fame  part  on  which  the  circular  morion  about  the  Axis  was 
made  ;  which  when  ’tis  hindred  by  the  contaft  of  the  Plane, 
therefore  afterwards  ’tis  rolled  about  upon  the  Plane,  and  now 
is  more  moved  by  the  motion  of  the  Centre  which  before  was 
hindred  by  motion  of  the  orb,  or  that  from  this  you  may 
know  the  nature  to  be  loved  of  the  right  motion  of  the  Centre, 
but  not  of  the  orb  about  the  Centre. 
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YOU  fhali  fcarce  fee  any  ingenious  Engin  in  which  either 
circular  motion  doth  not  appear,  or  at  leaft  that  which- 
may  not  be  reduced  thereto,  notwithstanding  in  this- 
place  we  fhali  treat  only  of  thofe  kinds  of  Epgins,  or  Inventi¬ 
ons,  which  immediately  depend  on  the  Principles,  and  Doctrine 
of  Circular  motion  hinted  at  before. 

Problem.  I. 


to  make  divers  kinds  of  Wheels  commonly  ufed  in  Engine 

GEnerally  we  make  ufe  of  two  forts  of  Wheels,  one  wheie-- 
of  is  furnifht  with  teeth,  and  the  other  hath  none;  thole 
that  have  none  are  Angle  Wheels,  and  Pulleys,  which  are  hol¬ 
lowed  in  the  Periphery  for  the  Rope  to  move  in,  as  alio  Wnee  s 
with  handles  to  turn  them  by:  And  the  firft  fort  of  Wheels 
contains  as  many  kinds,  as  there  are  various  forms  of  teeth, 
which  I  think  fit  to  defcribe  in  the  firft  place,  for  the  better 
underftanding  of  what  follows,  and  that  any  one  may  know 
how  to  make  choice  of  thofe  kind  of  Wheels  which  lie  e~ 

fteems  moft  fit  for  his  occafion.  f  ..  « 

Teeth ,  or, as  feme  call  them,  Claws,  or  handles  turning  round, 

their  chief  ufe  about  Wheels  is,  that  they  lay  hold  on,  or  bite 

each  other,  and  being  folded  in  each  other  they  cauie  a  retr 

nrocal 
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procal  motion,  and  they  are  various  as  you  may  fee  in  Fig.  119. 
from  whence  the  names  of  thofe  wheels  are  divers. 

A  toothed  Wheel  is,  that  whole  Periphery  flicks  out  with 
little  handles  endued  with  Semkylidrk  form,  as  in  the  arch 
A  F,  or  a  plain  Tided  Prifme,  as  in  the  arch  E  F. 

A  Fingered  Wheel  is,  that  whofe  Periphery  is  garnifht  with 
plain  Cyiindrick  fmall  flakes,  as  in  the  arch  A  B,  or  fomewhat 
like  Cylinders,  as  in  the  arch  B  C. 

A  fharp  pointed  Wheel  is, that  whofe  Periphery  is  cut  in  with 
little  handles  turning  round  like  the  figure  of  a  point  of  a  Sword, 
or  of  a  tongue, as  in  the  arch  E  D  may  be  feen. 

A  Studded  Wheel  is,  that  in  whofe  Periphery  little  Spheres, 
or  Convex  Hemifpha^res  are  difpofed,  or  the  Concaves  are 
made  hollow  anfwering  to  the  Convexes  in  the  other  Wheel, 
the  firfl  parcel  referrs  to  the  arch  C  D. 

A  Starred  Wheel,  is  that  whofe  Circumference  is  furnifht 
with  three  fided  Prifmes  having  each  fide  equal,  as  in  the  arch 
GH.  'Ho-  y 

A  Snagged,  or  fawed  Wheel,  is  the  fame  as  the  former,  only 
with  this  difference  in  the  former,  the  triangular  lides  of  the 
Prifme  are  equal,  but  in  this  they  are  unequal,  as  in  the  arch 
G  N. 

A  helical,  or  fcrewr  Wheel  is,  that  in  whofe  circumference 
chanellings  or  grooves  are  made,  according  to  the  quantity  of 
the  angle  of  the  Axis  of  the  inclined  wheel,  whatfoever  figure 
the  fame  hath,  which  neverthelefs  are  reduced  to  four  kinds, 
Semicylindric ,  as  in  the  arch  A  F,  Trigonal ,  as  in  the  arch  G  H, 
of  four  lides,  as  in  the  arch  K  L,  Trapezia*,  or  unequal  4  fides, 
as  M  L. 

A  hooked,  or  crooked  Wheel,  is  that  which  hath  hooks  dif¬ 
pofed  in  its  circumference,  as  in  the  arches  H  K,  and  N  M,  you 
may  behold. 

Alfo  Wheels  are  named  with  refpedt  to  the  figure  of  their 
Wheels,  let  the  teeth  be  what  they  will  3  for  fome  are  called 
plain  Wheels,  or  Orbkulates ,  in  which  the  bafes  of  the  Cogs  or 
Teeth  are  all  in  the  fame  plane  3  others  are  called  Convex  Cylin- 
dric,  when  the  Cogs  are  difpofed  in  the  outer  fuperficies  of 
the  Cylinder,  or  any  circle  thereof:  Others  are  called  Concave 
Cylindric ,  in  whofe  inner  Cylindric  fuperficies  the  fame  Cops 
are  difpofed:  in  like  manner  fome  Wheels  are  called  Convex 
Conk,  Others  Concave  Conic,  even  as  is  laid  of  Cylindric:  Lafirly, 

a  Wheel 
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a  Wheel  without  teeth,  and  whofe  Periphery  hath  nothing 
flicking  out,  they  call  fmooth  or  even. 

Note,  that  all  the  kinds  of  teeth,  or  Cogs  defcribed,  or  any 
other  fuch  like,  may  be  made,  not  only  in  the  Periphery,  or 
outermoft  fuperficie  of  the  Wheel,  but  alfo  in  one  or  both  of 
the  lateral  fuperficies,  or  Circular,  or  Cyiindric  bafes. 

|  t  Problem.  II. 

To  apply  Weights ,  or  Powers  (  moving  hy  their  natural  gra¬ 
vity  )  to  Clocks y  or  other  Engins . 

ALmoft  all  kind  of  Engins,  which  are  moved  by  inanimate 
Power,  are  ufually  made  with  fofne  Wheel,  or  Cylinder, 
to  which  a  weight  being  hung,  while  it  endeavours  down** 
wards  by  its  natural  gravity,  it  moves  that  Wheel,  or  Cylinder, 
and  that  puts  the  other  parts  of  the  Engin  in  motion,  as  ap¬ 
pears  in  common  Wheel  Clocks :  And  weights  may  be  applied 
to  Wheels  many  ways,  which  we  will  unfold,  before  we  pro¬ 
ceed  to  the  making  of  the  Engins;  The  firft  wra y  of  hanging 
weights  to  common  Clocks,  or  other  Wheels,  which  by  fome 
determinate  time,  being  placed  in  the  middle  and  impelling, 
ought  to  turn  them  round,  is,  that  one  end  of  the  Chord,  or 
Rope,  be  fixt  to  the  Cyiindric  Axis  of  the  Wheel, and  the  other 
end  fufficiently  faftned  to  the  weight,  as  you  may 
precieve  in  the  Figure:  And  in  this  pra&ife  you  Fig,  no. 
mull  beware,  that  the  Cylinder  be  not  wanting  to 
the  rope,  for  it  ought  to  have  only  fo  much  length,  that 
the  whole  Chord  may  be  turned  about  it,  for  if  the  rope  be 
twice  wound  about  the  fame  Cylinder,  that  is,  if  the  latter 
windings  of  the  Rope  fall  upon  the  former,  it  will  come  to  pafs 
that  the  formoft  motion  ( viz „  while  that  part  of  the  Rope  de¬ 
fends  which  is  wound  about  the  other  )  the  motion  will  be 
fwifter  than  that  of  the  latter,  to  wit,  while  the  remaining  part 
of  the  Rope  defends  which  is  immediately  wound  about  the 
Cylinder. 

The  fecond  way  is,  when  weights  are  hung  to  each  end  of 
the  Rope,  as  appears  in  the  Figure :  For  the  Rope 
ABC  is  put  upon  the  Pully  D,  in  whofe  Periphe-  Fig .  nr. 
ry  there  is  a  hollowing,  or  groove  cut  arching,  fo 
that  the  Rope  may  lie  in  it,  and  recieve  firmly  in  it  the  draw- 
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bog  force  of  the  weight,  and  the  weight  A  muft  not  defcen^ 
without  turning  the  Pulley  about,  and  confequently  raifes  the 
Sveight  C. 

In  practicing  this  Artificers  are  commonly  miftaken,  for 
fome  in  the  forefaid  hollowing  of  the  Pulley  D,  make  6  or  8 
fharp  points  kicking  out  to  hinder,  leak  the  Rope  being 
drawn  by  the  force  of  the  weight  A  ftrould  not  turn  about  the 
Pulley, 

But  thofe  fharp  points  render  the  motion  of  the  Pulley,  and 
fo  of  the  Clock,  or  other  engin,  altogether  unequal  5  others 
make  the  Cavity  or  hollowing  of  the  Pulley  narrower  in  one 
place,  and  wider  in  another,  from  whence  it  follows,  that  the 
Rope  being  unequally  diftant  from  the  Centre  makes  the  mo¬ 
tion  unequal. 

Therefore  if  the  Rope  flips  without  turning  the  Pulley  thofe 
fharp  points  may  be  ufed,but  a  greater  number  muft  be  affixr, 
and  they  ought  to  ftand  out  all  alike, and  equal  upon  the  Peri¬ 
phery  of  the  little  Wheel;  which  may  be  performed  more 
iafely  if  you  glew  on  fome  little  balls  like  button  moulds  or 
beads  to  the  whole  Chord,  or  fix  them  in  fome  other  manner 
which  may  be  all  alike  and  equally  diftant  to  eacli  other;  and 
in  the  Cavity, or  hollowing  of  the  Periphery  of  the  Pulleyynake 
little  holes  or  cavities  right  with  the  fame  diftances,  which 
Cavities  muft  anfwer  the  little  buttons  or  beads,  and  receive 
them  within  them  one  after  another :  Some  inftead  of  thefe, 
tye  knots  in  the  rope,  being  equally  diftant. 

Fig.  122.  The  third  manner  in  ufe  is,  when  the  fpace  for 
the  defcent  of  the  weight  is  too  lowg  or  fhort,  or  of  too  few 
hours ;  or  if  it  be  fufficient,  we  would  notwithftanding  ex¬ 
tend  the  motion  of  the  clock,  or  dial,  to  more  hours.  For  then 
we  double  the  Rope,  which  may  again  be  done  in  a  twofold 
manner  ;  firft,  one  end  of  the  Rope  is  faft  bound  to  fome  place 
A,  and  the  other  end  to  the  Axis,  or  Cylinder  E,  of  the  Wheel, 
which  it  ought  to  go  about;  as  for  example  in  D,  this  Rope 
ABD Turbins  the  little  Pulley  C  with  the  weight  annexe  to  it, 
and  this  whole  weight  together  with  the  little  Pulley  C  ought 
to  be  double  of  that  which  is  hanged  to  the  fingle  Rope;  alfo 
the  Rope  may  be  triplicated,  quadruplicated,  &c . 
Fig,  123,  if  there  be  added  above  and  beneath  other  Pulleys,, 
in  which  cafe  alfo  the  weight  may  be  in  like  ma'n- 
ner  triplicated  or  quadruplicated,  &$,  In  the  fecond  place  by 

the 
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the  double  Pulley  D,  C,  one  of  which  being  annext  to  the 
weight  C,  and  the  other  to  the  Counterpoife  D,  and  ti  e  ends 
of  the  Rope  B  and  E  are  faftned  to  fome  firm  immovable  place; 
fo  while  the  weight  defcends  with  the  Pulley  C,  it  turns  the 
Wheel,  or  Pulley  A,  and  lifts  up  the  counterpoife  D. 

Fig.  124.  The  fourth  manner  is  by  a  continual  Rope,^  dif- 
pofed  in  fuch  manner  as  the  figure  fhews,  in  which  A  is  the 
loweft  Wheel  of  the  Clock,  or  fuch  like  Engin,  or  the  pulley 
annext  to  the  Wheel,  and  made  hollow  in  the  Periphery  to  re- 
cfcve  the  Rope  firmly, as  we  have  faid  before.  B  is  another  Pulley 
like  to  the  former,  and  moreover  furnifht  'with  faw-like  teeth, 
and  with  a  pin  C  fo  faftned  to  the  lide  that  it  endeavours 
againft  the  teeth  while  the  weight  D  defcends,  that  the  ^  Pulley 
B  be  not  turned  about  at  that  time  ;  but  the  Pulley  A  is  roled 
about  and  lifts  up  leifureiy  the  counterpoife  or  weight  E  an¬ 
next  to  the  pulley  ;  where  you  fee  there  is  no  extream  head  of 
the  Rope,  but  it  is  one  continued  Rope,  and  put  into  the  Pul- 
lies,  whence  ’tis  called  perpetual  or  infinite.  When  therefore 
the  weight  D  defcends  to  the  lower  part,  and  the  weight  E  is 
carried  to  the  upper  part,  the  Rope  being  taken  by  the  hand 
in  F,  and  by  drawing  downwards  raifes  the  weight  D  again  and 
deprelfes  the  weight  E,  for  the  pin  C  endeavours  not  againft 
the  motion  of  the  Pulley  B,  but  alone  againft  the  oppofite 
motion. 

The  peculiar  conveniency  of  this  Rope,  and  the  application 
or  difpofition  of  the  weight  confifts  in  this,  that  in  the  fame 
fpace  of  time,  wherein  the  Rope  is  drawn,  and  the 
Fig. .  125.  weight  railed  to  continue  the  motion  of  the  Clock, 
the  motion  of  the  clock  is  not  interrupted,  as  hap¬ 
pens  in  others  ;  for  alfo  while  ’tis  drawn  upwards  by  drawing 
of  the  Chord  in  F,  it  difeharges  its  office  in  enforcing  the  Pul¬ 
ley  A,  which  truly  is  of  great  moment  to  the  exadt  perfection 
of  Clocks,  and  fuch  like  Engins,  and  the  knowledge  of 
time. 

Likewife  you  fee  by  this  doubling  of  the  Rope,  that  the 
flownefs  of  the  weight’s  defeent  is  doubled  to  that  it  would 
have  by  a  (ingle  Rope  ;  and  it  might,  if  need  were,  be  quadru¬ 
plicated,  and  be  made  greater  than  any  given  proportion.  You 
may  add  to  the  two  pulleys  A,  5,  another  Pulley  G,and  to  the 
Pulley  D  adjoin  another  little  Wheel  about  the  fame  Axis,  or  if 
divers,  join  it  at  leaft  with  the  other  Axis.  Then  this  perpe- 
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fual  Rope  being  drawn  abour  all  the  Pulleys, was.'  A  D  G  D  B  E  A  • 
for  fo  the  defcent  of  the  weight  D  will  be  four  fold  flower  and 
therefore  the  weight  ought  to  be  four  fold  greater,  yea, ’and 
fomewhat  more,becaufe  of  the  much  rubing  of  the  Pullevs’wirh 
the  Rope,  and  the  reflllance,  &c. 

Fig.  1 26.  The  fifth  manner  is  this, the  Pulley  B  is  underflood  to 
be  firmly  affixed  to  the  lower  Wheel  of  the  Clock,  the  other  A 
ftablifhed  fomewhere  commodioufly,  and  being  furniffit  with 
favy-like  teeth  with  an  Iron  Pinto  endeavour  againft  the  weight" 
as  is  faid  before;  from  the  perpetual  chords  of  thefe  Pullevs 
hangs  the  weight  H  in  the  little  concentric  Pulleys  EFG  and 
CD  N,  one  of  which  is  conjoyned  immovably  to  the  other 
and  both  together  about  the  common  axis  of  that  which  turns 
eafily :  Moreover  below  let  there  be  two  Pulleys  K  and  L  con¬ 
joined  in  their  centers  to  the  common  beam  K  L,  in  the  middle 
whereof  hang  the  weight  M.  About  thefe  and  the  former 
Pulleys  draw  two  perpetual  chords  by  this  artifice, the  firft  Chord 
isBLGFEGB,  to  wit,  fo  that  it  fold  about  the  Periphery  o*- 
circuit  of  the  whole  Pulley  E  FGonce:  The  other  Chord  in 
like  manner,  muft  be  drawn  about  the  whole  Periphery  of 
the  Idler  Pulley  CDN,  concentric  with  the  former, fo  that  this 
whole  Chord  be  A  C  N  D  C  K  A.  But  now  that  which  is 
laid  concerning  this  laft  Chord, and  the  pulleys  belonging  to  it 
is  that  it  ought  to  be  done  altogether  like  to  the  other  but 
placed  on  the  other  face  or  fide  of  the  Pulleys,  which  in  like 
manner  contains  a  certain  Idler  Puliy  equal  to  CDN,  Handing 
out  on  the  other  part  and  divides  the  whole  office  of  holding 

or  bearing  up  with  the  other;  wherefore  it  behoves  the  Pullevs 
A  and  K  to  be  alike. 


That  therefore  the  weight  H  be  drawn  with  its  Pulleys  on 
which  it  hangs,  you  muft  apprehend  the  Chord  A  K,  either 
.alone  or  compared  with  another,  viz,,  in  E,  and  drawn  down¬ 
wards  ;  for  io  it  comes  to  pafs  that  the  weight  H  afeends,-  yet 
m  the  mean  while  the  motion  of  the  Pulley  B  is  nor  ftopt,  and 
consequently  neither  the  motion  of  the  Clock,  or  other  Engin.- 
So  like  wile  it  appears  in  this  method,  as  alfo  in  the  precedent 
that  the  attraction  of  the  weight  may  be  continued  as  long  as 
you  pleafe  without  hindering  the  motion  of  the  Engin.  Laft- 
iy,  it  appears  in  this  laft  method  that  the  motion  downward  of 
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tion,  to  wit,  in  that  proportion  which  the  diameters  of  the 
Concentric  pulleys  CDN  and  GEF  have  to  each  other  5  and 
in  the  fame  proportion  the  weight  will  always  be  incread. 

Problem.  III. 

To  appply  a  Spherical,  or  rolling  weight,  to  the  Wheels  of 
Clocks ,  or  other  Engins,  by  finite  Chords ,  as  well  as  by 
infinite  Chords, 

Since  oftentimes  it  is  neceflary  in  the  artificial  condrudlion 
of  Clocks,  and  other  Engins,  to  makeufe  of  Spherical  or 
rolling  weights,  two  or  more  whereof  fucceed  each  ether  mu¬ 
tually  to  continue  or  perpetuate  the  motion  of  the  Engin,  as 
will  appear  by  what  fhall  be  laid  3  therefore  we  will  deliver  a 
double  method,  whereby  it  may  eafily  be  obtain'd. 

Fig.  127.  Firfl,  it  may  be  done  by  a  perpetual  Chord,  or 
Thong  of  Leather  twided $  for  let  there  be  two  Pulleys,  or  fihorr 
Cylinders  A  and  B,  A  being-  fixe-  to  the  lowed  Wheel  of  the 
Clock,  and  B  dablifht  in  the  lowed  place  to  which  the  weight 
ought  to  defeend  ,  put  on  each  the  perpetual  chord  AB  CDA, 
or  a  Thong  made  of  the  Hide  of  a  Bead  3  then  take  another  Thong 
altogether  like  to  the  former  and  put  about  the  fame  Cylinders, or 
on  two  other  pulleys  parallel  to  the  former  and  didant  from 
them  fo  much  as  is  the  diameter  of  the  Spherical  weightD, which 
is  fufficient  to  turn  the  clock  or  Engin,  this  interval  of  the  double 
Thong  being  obferved,  joyn  one  Thong  with  the  other  by 
ranks  of  certain  tranfverfe  Irons  femicylindrical,  whofe  bafes 
are  E  H  I,  LMN:  And  they  are  eafily  connedfcd  if  you  drive 
a  Nail  through  each  Semicylinder,  and  the  Thong  which  folds 
about  it,  or  if  by  chance  the  Thongs  of  the  Semicyiinders 
drain  in  the  middle,  it  will  make  a  Scale,  as  appears  in  the 
Figure  P  Q,  fo  that  the  Sphxric  weightD  being  placed  between 
the  forefaid  degrees  will  be  fudain’d  by  the  lower  pair  of  Cy¬ 
linders,  viz,,  in  F.  But  that  thefe  kind  of  perpetual  Scales 
maybe  turn’d  about  with  the  Cylinders  A  and  B  with  an  uni¬ 
form  motion,  there  mud  be  made  hollow  Semicylindric  grooves 
or  Channelings  in  the  Peripheries  of  the  Cylinders,  in  which 
are  received  the  convex  Semicylinder  of  the  Scale. 

If  the.  Spheric  weight  D  be  of  a  great  bulk,  the  Thongs  may 
be  made  of  double  or  triple  Leather  that  they  break  not,  or  in 
dead  of  them,  Iron  chains  rnay  be  ufed.  •  The- 
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The  chief  life  of  this  perpetual  Scale  is:toxontinue  the  motion 
<of  the  Clock,  or  other  Engin  3  for  after  that  the  weight  D  is 
defcended  to  the  lowed  part  G,  his  cad  away  by  the  Scale, 
which  will  be  done  either  from  the  Pulley  B,  or  better  from 
fome  ohdacle  fitted  below  for  this  purpofe  3  then  the  Globe 
breaking  out  from  the  Scale  in  the  lower  groove  G,  lifting  up 
fome  pellle  of  Iron  by  means  of  a  Thred  or  Chord,  opens  an 
entrance  to  the  other  Globe  in  the  upper  groove  E,  that  it  may 
fucceed  in  his  place  on  the  top  of  the  Scale 3  but  the  former 
Globe  depofed  in  G  is  lifted  up  again  to  the  groove  E,  by  an 
artifice  which  we  will  fhew  in  the  following  Problem ,  that  it 
may  again  defcend  by  the  Scale,  &c . 

Fig.  ir8.  Secondly ,  it  may  be  done  thus,  affix  the  Pulley  Hto 
the  lowed  Wheel  of  the  Engin,  which  ought  to  move  and  turn 
eafily  about  its  Axis,  having  in  its  Periphery  Saw-like  Teeth 
with  the  Pedle  R,  which  being  fixt  in  fome  place  of  the  Wheel, 
and  fitted  with  a  plate  of  metal  preffing  3  put  the  Rope  LHK 
upon  this  Pulley,  fadning  to  one  of  its  ends  L  fome  little  Box  or 
Basket  wherein  the  Globe  may  be  received,  and  to  the  other 
end  K,  hang  a  weight  of  fuch  gravity,  that  it  may  draw  up 
the  Basket  free  from  the  Globe,  from  the  bottom  to  the 
top,  where  now  it  appears  in  the  figure,  which  the  Pedle  R 
will  not  hinder,  which  hinders  only  the  oppofite  motion 
of  the  Pulley  H,  and  that  the  Globe  may  be  contain’d  within 
the  Box  or  Basket,  and  not  flip  out  of  it,  eredi  two  or  more 
rules  P  Qjmd  M  N,  &c.  But  after  that  the  Box  with  the 
Globe  is  defcended  to  the  bottom  Q^S,  the  Globe  mud  run  out 
of  the  Box,  either  by  mangling  the  rule  N,  or  by  the  declivity 
of  the  bottom  QS3  Laflly,  the  Box  or  Basket  being  freed  from 
the  Globe,  is  lifted  or  raifed  upwards  by  the  weight  K,  and 
being  advanced  to  P  M,  takes  in  there  the  other  Globe  equal 
to  the  former,  and  that  the  Clock,  or  other  engin,  may1  be 
kept  in  motion  w  hile  it  is  let  down  in  Q^,  and  raifed  again  in 
M,  we  will  ftiew  by  and  by. 


Problem 
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Problem,  IV. 

To  convey  weights,  moving  an  Engin  up  to  the  upper  part , 
after  their  defcent  to  the  low  eft  part . 

JP/V..  n^npHismaybedon'e-  many  ways  j  firft,  by  the  perpe- 
1  tual  Scale  defcribed  in  the  preceeding  Problem, 
for  if  you  underftand  a  Toothed  Wheel  joyned  to  the  Pulley  A, 
and  firmly  adhearing  to  the  fame  Axis,  if  then  this  toothed* 
Wheel  be  moved  together  with  the  Pulley  A  by  any  fuper- 
ftrudture,  or  any  other  way  from  the  power  impelling  the  Su~ 
pream  Wheel,  or  part  of  the  Engin,  and  the  motion  be  made 
from  A  towards  C,  the  Globe,  or  weight  D,  will,  be  railed 
gently  from  the  bottom  to  the  top,  whence  it  devolves  again 
to  animate  the  Clock, or  other  Engin,  by  the  artifice  explicated 
in  the  precedent  Problem. 

Secondly ,  the  Artifice  in  the  fame  third  Problem,  explicated: 
in  the  fecond  place  may  eafily  be  applied  to  the  drawing  Sphe¬ 
rical  weights, from  the  bottom  to  the  upper  mo  ft  part.  For 
let  there  be  a  toothed  Wheeli  A  B  C  to  which  there  may 
be  others  made  according  as  the  thing  requires  5  place  the 
Pulley  D  E  on  the  axis  of  this  Wheel  on  which  a  Rope  being 
put,  let  one  end  of  it  fuftain  the  Spherical  weight  P  within  its 
Box  or  Basket,  and  on  the  other  end  hang  the  Counterpoife 
N,  a  little  lighter  than  the  Basket  P  without  the  Globe,  Or 
weight,  that  from  this  that  may  be  taken  up.  The  Peftle  B 
furniftit  with  a  little  wing  lays  hold  on  the  Snags  of  the  Pulley, 
and  detains  it  againft  the  endeavour  of  the  weight  P.  ^  Alfo 
make  a  certain  dovetail  D  F  in  the  Periphery  of  fuch  bignefsy 
that  it  may  be  equal  to  a  quadrant  of  the  Circle.,  or  exceed  ira 
in  the  middle  of  this  make  a  long  flit  D  F,  through  which  the 
common  axis  D  of  the  Wheel  and  of  the  Pulley  may  pafs* 
moreover  make  a  moving  leaver  H  G  F  C  made  firm  fome- 
where  about  the  point  G,  witn  which  Leaver  me  foiefaict 
dovetail  is  linked  in  the  point  F :  Then  in  the  point  A  fix  a 
fpar,  or  bolt  A  K,  furniftit  with  a  prefling  wing  and  movable 
about  the  point  A,  and  near  this  bolt  place  a  Leaver  full  of 
corners  or  nooks  KLMN  movable  in  the  point  Hi 

Thefe  things  thus  difpofed,  If  by  the  motion  of  the  Wheel 
ABC  the  weight  be  elevated  leifurely  to  the  top  of  its  altitude, 

and* 
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and  being  dipt  from  the  Basket  or  Box  into  the  groove  or 
Channel  leading  it  to  the  deligned  place  for  animation  of  the 
Clock,  notwithftanding  the  empty  basket  will  be  moved 
by  the  power  railing  it,  untill  it  hits  againft  the  Leaver 
CGH  and  lifts  it  up  a  little,  and  the  Leaver  being  raided 
takes  up  together  with  it  the  dovetail  F  D  :  And  this  Pefile  B 
being  ftretcht  at  length  through  the  whole  thicknefs  of  the 
Pulley  in  this  part  to  the  dovetail  3  in  the  mean  while  that  the 
end  H  of  the  leaver  CGH  being  deprelfed  lays  hold  on  the 
bolt  AK  and  detains  it,  at  the  fame  time  the  Peftle  B  being 
lifted  up  without  the  Snags  of  the  Pulley,  the  basket  P,  although 
empty,  yet  heavier  than  the  counterpoife,  N  will  turn  the 
Pulley,and  it  will  defcend  to  the  bottom  that  there  it  may  again 
receive  another  Spherical  weight  to  be  drawn  up  in  the  lame 
manner. 

For  the  counterpoife  either  of  it  f elf,  or  by  making  a  certain 
knot  in  the  -Rope  will  raife  the  nooky  Leaver  NML,  and  by 
it  withdraw  the  bolt  A  K  that  it  detain  not  any  longer  the  end 
H,  which  being  loofed,  the  dovetaie  D  F  falls  off,  and  then 
the  Peftle  B  being  fent  down  lays  hold  on  the  Jags  of  the  Pulley 
that  the  attra&ion  of  the  weight  may  be  made  again. 

11  you  fear  left  before  the  Peftle  B  being  drove  away  by  the 
Snagged  teeth  of  the  Pulley,  and  the  Pulley  with  the  Basket 
fhould  begin  to  defcend  before  the  end  H  is  laid  hold  on  by 
the  bolt  AK ;  then  hang  fo  much  weight  to  the  arm  G  H  of 
the  Leaver  as  fuffices  to  raife  the  dovetaie  writh  the  Peftle  B  • 
and  that  the  weight  be  not  raifed  fooner  than  the  basket  af- 
cends  upwaros,  detain  this  arm  G  H  by  a  certain  crook  or 
hook  made  after  the  fame  manner  as  the  hook  N  H  in  the  fol¬ 
lowing  Figure.  But  then  in  ftead  of  the  arm  FC,  the  arm 
MN  will  be  produced,  that  that  being  raifed  from  the  basket 
will  withdraw  the  hook  fuftaining  the  endeavour  downward 
of  the  end  H  which  is  heavieft  5  Moreover  it  will  reftore  it  to 
its  former  fite  afcending  with  the  Impetus  of  the  counter¬ 
poife  N. 

Alfo  note,  that  when  the  Wheel  A  B  C  is  often  turn’d  about 
in  drawing  of  the  weight,  and  conveys  the  Peftle  B  every 
where  with  it  felf  that  when  the  attraction  is  finifht,  the  Peftle 
B  will  be  found  in  the  upper  quadrant  that  is  above  the 
dovetaie,  which  always  certainly  happens,  if  in  the  Rope  or 
Htde  chain  of  the  Pulley  you  make  little  knots  or  buttons  for 

that 
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that  purpofe,  according  as  his  /hewn  in  the  fecond  Prob¬ 
lem. 

Fig.  130.  Thirdly \  the  fame  Pulley  maybe  freed  from  its 
Peftle  by  another  artifice;  let  the  fame  Wheel  B  flick  fail  to  the 
axis  C,and  the  Pulley  D  movable  thus,  that  it  may  be  moved  to 
and  fro  by  the  Axis  AC ;  Then  after  that  the  Basket Eis  brought 
to  its  height,  it  will  raife  in  the  firft  place  the  knotty  Leaver 
EFG  fixt  movably  in  F ;  and  this  by  the  little  arm  GH  drives 
out  the  hook  FI  N,  whereby  the  other  knotty  Leaver  M  L  K 
is  fuftain’d,  to  whofe  arm  L  K  fo  much  weight  muft  be  hung 
as  is  convenient,  that  the  other  arm  L  M  laying  hold  on  the 
Tube  M  P,  joyned  to  the  hole  of  the  Pulley  D,  may  draw  rhe 
Pulley  by  the  Axis  A  C  towards  C,  although  againil  the  ordi¬ 
nary  refinance  of  the  force  of  the  Harfix  C  P  :  And  in  this 
manner,  thofe  jagged  teeth  of  the  Pulley  are  withdrawn  from 
the  Peftle  B,  and  the  Basket  E  defeends  with  its  weight,  by 
turning  round  the  Pulley  together  freed  from  the  obflacle  of 
the  Peftle ;  notwithftanding  in  the  mean  while  the  little  arm 
L  M  touches  it  highly,  and  detains  the  Tube'  ending  in  the 
rundle,  in  which  the  contadt  may  be  facilitated  by  adhibiting 
the  little  Wheel,  or  a  turning  Cylinder,  &c. 

The  arrival  of  the  Counterpoife  will  make  the  Pulley  repair 
to  its  place,  for  this  when  the  impetus  of  the  knotty  Leaver 
M  LK,  lifts  up  the  end  K,  it  places  it  in  the  hook  HN  ; 
which  being  done  the  pulley  is  forc’d  into  its  place,  by  the 
prefting  Htelix  led  about  the  Axis. 

Hence  alfo  you  muft  take  care,  in  making  the  Peftle  B,  that 
it  be  not  let  or  bore  down  from  its  little  wing,  deeper  than 
the  incinions,  or  jags  of  the  Pulley. 

Problem.  IV. 

To  fit  an  irregular  finite,  and  d if  orderly  moving  power,  fo  to 
an  Engin ,  that  it  fhall  make  a  well  order  d  regular,  or 
wholly  equal  motion . 

Since  Regularity  and  equality  appears  in  no  other  motion 
more  than  in  the  Circular,  which  of  its  own  nature  teems 
to  require  equality  ;  we  fhall  in  this  place  declare  thofe  things 
which  are  for  obtaining  this  equality  of  motion,  which  truly 
are  of  great  moment  in  Engins,  efpecially  in  the  conftrudtion  o' 


1 86  Mechanic 4  Powers,  Book  IX. 

thofe  that  meafure  time.  And  of  thefe  kind  of  Irregular 
peters  fome  are  perpetual,  or  infinite,  and  others  finite  which 
Co  execute  their  office  to  time.  We  lb  ail  treat  of  thefe  lafl  in 
this  place,  and  of  the  former  we  fhall  fay  fomething  hereafter; 
'heavy  things  being  hung  at  liberty  whether  hanging  from  an 
Engin,  or  fome  Wheel,  are  called  regular  powers,  bccaufe 
whether  they  are  hung  high  or  low,  they  always  obtain  equal 
force  or  moment 3  notwithftanding  if  they  are  placed  in  fome 
ambit  of  the  fame  Wheel  according  to  a  divers  fire,  and  the  fame 
inclination,  they  acquire  divers  moments  as  appears  from  what 
has  been  faid  elfe where  3  but  his  needlefs  to  reduce  this  irre¬ 
gularity  of  weights  to  regularity,  fince  that  may  eafily  be 
done.. 

Therefore  irregular  Powers  which  we  commonly  ufe  in  the 
conftrudtion  and  motion  of  Engins  are  Springs,  that  is,  certain 
thin  pieces’ of  mettal  in  manner  of  an  Haclix,  or  wrapt  up  in 
Spires  fuch  as  are  commonly  ufed  in  watches,  concerning  which; 
fomething  is  faid  before. 

Tirft,  the  refinance  of  the  faid  thi  n  pieces  of  mettal  Is  left  in 
the  beginning  while  they  are  bent  or  drawn  than  in  the  end* 
and  in  like  manner  when  they  are  drawn  or  bent  have  greater 
force,  and  make  a  greater  endeavour  to  reftore  themfelves  in¬ 
to  their  firft  ftation  in  the  beginning  of  reftitUtion  or  reduction 
than  in  the  end,  and  this  force  increafes  or  decreafes  not  uni¬ 
formly, and  with  a  proportional  increafe  to  the  addudtive  or  re¬ 
clusive  motion,  but  with  another  certain  inereafe  or  progreft 
fion  not  as  yet  certainly  known,  of  which  in  its  place. 

Secondly ,  if  the  thin  piece  of  mettal  be  bowed  or  bent  into  a 
Spire,  or  larger  Spieres,  the  bending  refiftslefs,  and  makes  lefs 
force  to  reduce  it  felf  than  if  it  be  bent  in  Idler  Spires  3  hence 
Eis,  that  in  this  fecond  cafe  it  hath  greater  force  whereby  it 
defires  to  refiore  it  felf,  but  obtains  Idler  motion. 

Thirdly ,  Springs, or  the  fame  thin  pieces  of  mettal- being  bow¬ 
ed  into  a  Spire  or  wreath,  may  he  drawn  more  violent  either 
in  the  Centre,,  or  in  the  Circumference,*  or  in  both  parts  to¬ 
gether  3  if  the  thin  plates*  con  lifting  in  the  extream  which  is- 
in  the  circumference,  the  plate  will  be  drawn  by  the  wrefling 
of  the  other  extream  being  in  the  Centre,  ir  refills  the  draw¬ 
ing  left  than  if  remaining  centrelly  immovable  in  the  extream, 
Uie  phte  bo  wreathed  about  in  the  Periphery,  the  reafon  is,  be- 
caufc  in  this  fee  and  cafe  it  ought  not  only  to  out  go  the  refin¬ 
ance 
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2 nee  of  bending,  but  a Ifo  the  other  of  rubbing,  of  weaving  of 
one  volute  upon  the  other,  which  refinance  neverthelefs  it  hath 
by  accident. 

Fourthly-,  Springs  are  made  weaker  by  degrees  by  often  draw¬ 
ing  them,  but  they  are  more  weakned  if  they  never  reffofe 
them! elves,  but  if  always,  or  for  a  long  time,  they  continue 
drawn  or  pull’d  3  hence  they  have  greater  force  in  the  firft  ma¬ 
king  of  an  Engin,  but  lelfer  after  long  ufing  them. 

Fifthly,  if  they  remain  fometime  free,  that  is,  without  draw¬ 
ing,  they  recover  fome  of  their  ftrengih  which  they  had  loft 
before. 

Sixthly,  Jo.  Helmont  in'  his  Book  endruled  Me/1,  Vhyfic.  detern- 
pore,  Mum.  50.  affirms,  That  the  faid  Springs  of  Clocks  or  Wat¬ 
ches  are  wont  to  be  more  ftrong,  or  ftubborn,  when  the  North 
wind  blows,  which  notwithstanding  is  not  as  yet  well  known 
to  me,  neither  doth  the  caufe  of  this  Fh/enomena  eafily  appear, 
unlefs  you’ll  fay  from  Cold \  which,  is  wont  to  be  more  rigid 
wnen  the  Wind  is  Northward. 

Thefe  things  being  noted,  the  irregular  force  of  Springs  may 
be  reduced  to  uniformity  divers  ways  :  Firft,  when  thefe  thin 
pieces  of  Mettal  are  wont  to  be  made  every  where  of  the  fame 
breadth  and  thieknefs,  they  exert  their  force  unequally  in  the 
beginning  and  in  the  end  3  if  the  parts  near  the  Centre  be 
made  thicker  than  the  other,  or,  broader  with  a  due  propor¬ 
tion,  and  then  the  drawing  to,  or  lapping  up  being  made  m 
the  Centre,  the  refiftance  will  be  equal  and  uniform  in  the 
whole  drawing,  or  wreathing,  and  confequemly  they  will 
make  the  force  equal  in  their  whole  reftkution,  until  they 
come  to  their  firft  ftate,  or  condition  3  moreover  on  the  con¬ 
trary,  if  they  are  made  thicker  in  the  parts  near  eft  the  circum¬ 
ference,  and  then  the  drawing  be  made  in  the  circumference, 
from  the  oppofite  reafon  there  will  be  an  inequality  of  force 
to  compenfate  or  amend  that  unequal  thieknefs  or  breadth  of 
the  thin  plate 3  notwithftanding  this  way,  whereby  the  inequa¬ 
lity  of  this  thieknefs  compenfates,  the  inequality  of  force  is  not 
ufed,  perhaps  becaufe  ’tis  more  laborious*  and  neither  is  it  ea- 
fy  to  find  the  proportion,  whereby  the  thieknefs  ought  to  be 
increafed  gradually  3  yet  if  it  were  reduced  into  practice,  it 
would  be  far  more  ufeful  and  certain  than  the  other. 

The  fecond  way  more  obvious,  and  ufed  in  regulating  the 
Springs  in  ancient  Watches,  is,  by  .an  unequal  predion  of 
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the  ftrongeft  parr  of  the  Spring,  and  that  is  made  in  a  certain 
changabie  Orb  like  the  figure  of  an  heart,  for  this  Orb  when 
the  fpiral  plate  makes  lefs  force,  is  alfo  lefs  prefled  from  the 
other  plate,  or  hindering  wing  3  but  when  ic  exerts  greater 
force  in  like  manner  that  force  is  abated,  fo  that  his  reduced 
to  a  certain  quality  3  alfo  this  way  is  fcarceiy  ufed  now  among 
modern  Artifts,  when  notwithstanding  his  lefs  laborious,  and, 
as  Experience  teaches,  oft-times  more  ufeful  than  others  3  per¬ 
haps  his  defpifed  becaufe  his  more  fimple,  to  deter  others  from 
inquiring  into  an  Art  which  is  more  fubtil,  which  they  would 
do,  if  it  wrere  eafier  and  fimple. 

Fig,  The  third  way, which  is  at  this,  time  mo  ft  in  ufe  is,  a 

Hxlyx  of  Steel  included  in  the  Cylinder  A  B  C  D,  movable  about 
the  durable  axis  E  F  •  this  axis  paifes  by  the  centre  of  the  HtClix, 
and  detains  its  central  end  firmly,  and  left  it  fiiould  be  turn’d 
about  together  with  the  Spire  or  Wreath  and  Cylinder,  his  him 
dred  by  a  jagged  wheel  G  H,  firmly  put  into  an  axis,  and  a  lit¬ 
tle  bolt  or  peftle  H  I,  which  drives  againft  the  Jags  of  the 
Wheel :  To  the  fide  of  the  Cylinder  a  Cone  is  made,  or  fome 
Other  fuch  body  fharpned  at  top  like  to  a  Top  C  K  M,  movable 
about  the  axis  L  M,  the  Periphery  of  this  top  is  made  in  the 
manner  of  a  Screw,  with  channellings  or  cavities  made  round 
it  to  receive  a  chord  or  chain,  one  end  whereof  is  faftned  in 
thexpoint  of  the  Cone  K,  and  wound  about  the  Cylinder,  the 
other  end  of  the  chord  is  faftned  to  the  Cylinder  in  D  3  thefe 
things  thus  conftituted,  the  inequality  of  the  refinance  of  the 
fteel  fpires,  or  wreaths,  drawing  irregularly  is  made  fit  or  meet 
by  the  deformity  of  the  top,  which  where  the  refinance  of 
the  fpire  or  wreath  is  lead,  the  greater  Periphery  being  turn’d* 
receives  the  chord,  whereby  the  Cylinder  is  drawn  about,  car¬ 
rying  about  the  included  end  of  the  fpire  or  wreath  fixt  to  the 
Cylinder  3  and  where  the  force  and  refinance  of  the  thin  plate 
Is  ftronger,  the  chord  being  then  in  the  fharpned  or  idler  pare 
of  the  top  or  cone,  eafily  fu (tains  that  greater  force  by  Idler* 
diftances  from  the  centre  or  axis,  and  by  allaying  it,  tem¬ 
pers  it. 

fou  fee  then  the  whole  perfection  of  Clocks,  or  Watches, 
which  confifts  in  uniform  motion,  or  equality,  depends 
on  the  framing  the  forefaid  cone  or  top  3  which  I  defire  Ar- 
tifts  diligently  to  obferve,  and  to  take  great  care  in  the  mak¬ 
ing  of  if,  that  the  moving  force,  of  the  fpiral  thin  plate  be  ren- 

dred 
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dred  every  where  equally  valid  •.  neither  is  it  fufficienr,  as- 
they  are  wont,  to  try  it  by  hearkning  to  it  whether  the  found 
be  /harper  or  graver  in  the  fwifteft  motion  of  the  jagged  lit¬ 
tle  wheel  GH,  fmee  vtis  not  eafy  to  diftinguifh  the  lead  dif¬ 
ference  of  found'  j  wherefore  his  rather  to  be  done  fome  other 
way,  and  Father  Schottus  propofes  two,  the  firfl:  is  by  weigh¬ 
ing,  T/ws.  by  a  weight  hung  on  a  long  arm  leading  the  Cone 
about,  for  if  which  way  foever  the  Cone  be  turn’d  about, 
the  fame  weight  endeavours  equally  sgainft  the  addu&ion  or 
reduction  of  the  Spire,  the  Cone  or  Top  will  be  perfedh 
Fig.  13  i.  The  fecond  way  is  meafuring  by  rime,  for,  fays 
he,  the  little  Wheels  being  fet  at  liberty  in  a  fwift  and  free 
motion  ;  take  fome  very  fhort  Pendulum,  and  by  its  vibra- 
brarions  examin  the  circumvolutions  of  the  lower  Wheels, 
for  if  the  circumvolutions  of  each  wheel  be  in  equal  fpace  of 
time,  it  argues  that  the  cone  or  top  is  perfect :  In  the  fame 
manner,  the  circumvolutions  or  turnings  round  of  the  jagged 
little  Wheel  G  H  may  be  examined  by  a  Pendulum,  to  wit, 
whether  they  are  made  in  equal  time,  notwithftanding  if  there 
be  added  weight  to  the  forefaid  little  w?heel  the  motion  is 
rendred  more  How. 

Problem.  VI. 

7 0  mend  the  unequal  motion  of  Clocks ,  or  other  Engins ,  Py 

applying  a  Pendulum. 

THe  chief  fault  in  Clocks,  and  all  Engins  that  meafure  time, 
is  the  irregularity  of  motion,  for  no  kind  of  Clocks  to 
this  very  day  is  foimd,  whofe  motion  is  fo  equal  or  uniform, 
that  it  errs  not  at  leaft  a  minute  from  the  true  meafure  of  time, 
in  one  day  or  24  hours,  although  it  hath  been  the  Audy  and 
endeavour  of  many  ingenious  men ;  in  the  firfl:  place,  we  are  in¬ 
debted  to  Mathew  Campanc  to  this  end,  that  by  the  accurate 
meaf  ure  of  time  Geographers  may  obtain  the  knowledge  of 
Longitude,  and  w  hat  proficiency  they  have  made  in  it,  you  will 
underftand  by  what  follows. 

Truly  ’tis  doubted  whether  any  man  can  by  application  of  a 
Pendulum,  compleatly  perfect  the  little  jagged  Wheels  of  Clocks, 
and  take  away  their  inequality j  therefore  the  Author  of  thac 
famous  Invention,  deferves  to  be  followed  and  praifed 

of 
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of  all  Men;  ;  and  ftnce  there  are  divers  ways  of  application  in 
this  kind,  fome  whereof  we  have  defended  juft  before.,  it  re¬ 
mains  that  we  reckon  up  fome  others  in  this  place,  either  more 
ingenious,  or  alfo  more  ufefuL 

Fig.  13  w  Let  there  be  a  Pendulum  I  L,  with  a  wire  ftxt  to 
the  Axis  C  D,  which  refts  on  the  two  poles  C  and  D,  and  in 
the  middle  part  of  its  Axis,  fatten  here  and  there  two  little 
wings,  or  thin  plates  of  mettal,  extended  according  to  the 
length  of  the  Axis,  or  in  an  Horizontal  lire,  above  this  A  xis  jet 
the  upper  wheel  of  the  Clock  A  B  be  turn'd,  being  made  by 
a  peculiar  art  3  to  wit,  let  it  be  made  in  form  of  a  Zone,  with 
a  double  row  of  Teeth  difpofed  to  the  end  of  the  Zone  in  fuch 
a  double  order,  that  when  the  Teeth,  or  little  Keys,  that  ftand 
oilf,  being  confiderably  diftant  from  one  another,  each  tooth 
of  one  row,  anfwer  to  the  middle  fpace  of  teeth  of  the  other 
row ;  for  fo  by  turns  they  will  hit  againft  the  aforefaid  two 
wings,  to  wit,  one  tooth  or  little  key  of  the  row  towards  the 
right:  hand,  on  the  righ  wing,  and  the  other  row  on  the  left 
hand,  on  the  left  wing;  again,  the  other  on  the  right,  on  the 
right  wing,  from  whence  are  made  the  Altern  Vibrations  of  the 
Pendulum.  If  then  each  of  the  two  rows  con  lifts  often  teeth, 
in  all  they  will  make  twenty ;  and  the  Pendulum  mull  be  of 
fuch  length,  that  each  compofed  Vibration  anfwersone  fecond 
of  time,  there  may  be  fitted  on  the  fame  Axis  of  the  wheel  the 
Tympane  F  with  fix  teeth,  which  will  be  moved  by  the  wheel 
G  H  of  3 6  teeth,  for  this  will  abfolve  one  circuit  in  the  fpace 
of  a  Minute  ;  fo  that  an  Index  faftned  to  its  Axis,  may  note, 
every  fecond  in  a,  circle  divided  into  60  equal  parts;  and  be¬ 
neath  the  Wheel  G  H,  another  may  be  fitted,  which  may  be 
turn'd  about  in  the  fpace  of  an  hour,  and  its  Index  may  {hew 
the  minutes,  moreover  another  which  may  fhew  the  Hours, 
&c. 

Blit  fomething  offers  it  felf  worth  our  noting  in  the  appli¬ 
cation  of  Pendulums  to  Clocks  ;  in  the  Hr  ft  place,  if.  a  weight 
doubley  or  tripley  greater  be  hanged .  cq  a  Clock,  it  is  not  the 
reafon  of  moving  it  notably  fwifter,  or  the  caufe  of  making 
the  hours  vifibly  fhorter,  becaufe  in  this  cafe  the  Pendulum  is 
forced  more  vehemently,  and  therefore  makes  greater  arches 
in  its  Vibrations ;  it  fee-ms  that  it  ought  to  move  more  fiowly, 
and  to  make  the  hours  longer,  if  it  be  true  that  is  faid  in  the 
Book  of  Pendulums,  that  the  Vibrations  which  are  made  in  a 

greater 
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greater  arch  from  the  fame  Pendulum  arc  longed;  but  expe¬ 
rience  tells  us,  that  the  Hours  are  fomewhat  fhorter  if  weights 
are  hung  much  greater,  and  the  reafon  is,  becaufe  the  wheel 
which  is  called  Serpentine,  or  the  wheel  meeting  with  the 
beam  of  the  Balfance  by  way  doth  not  permit  each  Vibration 
to  run  through  the  whole  Arch  which  they  would  run  through, 
and  therefore  cuts  them  off  a  little  fhorter. 

Secondly ,  For  this  reafon  Pendulums  ought  to  be  a  final!  mat¬ 
ter  longer  than  if  they  were  altogether  at  "liberty,  lead  each  of 
their  vibrations  be  made  in  a  fhorter  time  than  is  meet. 

Thirdly,  You  ought  not  to  ufe  a  firing  or  little  chain,  be¬ 
caufe  they  will  bend,  but  a  wire,  or  in  greater  Pendulums,  a 
rod  of  Iron,  or  other  Metral. 

Fourthly ,  Since  in  thefe  kind  of  Clocks  the  augmenting  or 
decreafing  of  weights  fignifies  little  to  the  fwifrnefs  or  flownefs, 
of  motion,  but  the  fwifrnefs  or  lownefs  depends  almofl  wholly 
on  the  length  or  fhortnefs  of  the  Pendulum  -  therefore  that 
Clock  may  be  reduced  to  the  juft  meafures  of  Hours,  the  Globe, 
or  Ball,  ought  to  be  fixed  to  the  lower  end  of  the  Rod,  in  fuch 
manner,  that  it  may  be  raifed  or  depr died,  and  that  may  be 
done  if  there  be  a  ferew  made  on  the  end  of  the  Rod,  which  is^ 
engrafted  to  the  Globe  more  or  lefs,  and  binds  it  very  well 
that  it  Aide  not  down,  which  inconveniency  may  be  prevented 
by  another  concave  Screw  Pr  which  keeps  the  Globe  aways  in 
the  fame  place. 

Fifthly,  5  Pis  better  to  hang  a  heavier  weight  to  a  Clock,  or 
make  ufe  of  a  ftronger  Spring,  and  to  apply^a  Pendulum  a  lit¬ 
tle  the  longer. 

Sixthly ,  The  Vibrations  ought  not  to  be  too  great,  but  the 
Pendulum  ought  to  fwing  backward  and  forward  to  the  height 
of  30  or  40  degrees  in  its  arch. 

Seventhly ,  Clocks  made  with  Pendulums,  require  much  grea¬ 
ter  weight  or  ftronger  Springs  than  others,  which  are  regula¬ 
ted  by  the  ordinary  Ample  poifers,  fo  that  fometimes  a  triple 
weight  is  required  to  it,  than  is  required  to  a  Clock  without  a 
Pendulum;  neverthelefs  for  divers  reafons,  according  to  the 
manner  or  fafhion,  a  Pendulum  may  be  fitted,  it  may  require 
more  or  lefs  weight  in  the  precedent  artifice,  unlefs  the  little 
wings  of  the  Axis  C  D  be  made  long,  it  will  require  a  great 
weight ;  as  appears  from  the  principles  of  Mechanieks* 
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Eighthly,  Greater  Clocks  which  are  furniffit  with  grearer 
Pendulums,  in  like  manner  require  weights  in  the  fame  pro- 
portion.,  or  alfo  in  a  greater  than  the  times  of  the  Vibrations 
have,  or  which  is  the  fame,  in  fubdupiicate  proportion  of  the 
lengths  of  the  Pendulums ;  for  Example,  let  a  Clock  have  a  pen¬ 
dulum  of  f  inches,  or  3  feet,  which  makes  each  Vibration  in 
one  fecond,  and  another  with  a  pendulum  of  9  inches,  which 
abfolves  the  vibrations  in  half  a  fecond,  fo  that  in  one  hour 
that  makes  3600  vibrations,  and  this  makes  7200  ;  iince  the 
pendulum  of  the  firft  Clock  is  quadruple  of  the  other,  to  agi¬ 
tate  it,  is  required  a  quadruple  force  or  weight;  becaufe  it 
ought  to  move  but  doubly  ilower,  alfo  the  Serpentine  wheel, 
or  that  which  incites  the  pendulum,  muft  be  moved  doubly 
‘ilower,  and  therefore  the  weight  hung  to  the  lower  wheel  will 
have  a  double  weight,  therefore  a  double  weight  fuffices  to  move 
a  pendulum  cf  quadruple  length  through  like  Arches;  for  a 
double  weight,  if  it  have  over  and  above  a  double  poife  of  a- 
n other  weight,  is  equivalent  to  a  quadruple  weight. 
Fig.  133.  Notwithftanding  his  to  be  Noted,  if  the  longer 
pendulum  be  inforced  in  a  point  proportionally  di- 
Ham  from  the  centre  of  the  pendulum,  a  weight  as  little  again 
will  fuffice  to  move  the  long  pendulum,  as  if  the  pendulum  A 
C,  receive  an  impulfe  from  the  upper  wheel  in  the  point  B,  and 
another  longer  pendulum  D  F,  receive  an  impulfe  in  the  point 
E,  and  let  the  proportion  be  the  fame  of  A  C  to  D  B  as  of  D 
F  to  D  E,  a  weight  doubly  leffer  is  required  to  move  the 
longer  pendulum  than  to  move  the  fhorter  pendulum ;  for  if 
the  difpofirion  of  the  wheels  be  the  fame,  or  the  velocity  the 
fame  as  the  upper  wheel,  an  equal  weight  is  required  as  ap¬ 
pears,  but  in  a  longer  pendulum  the  upper  wheel  is  moved 
doubly  Ilower,  and  fo  the  weight  hung  to  the  Clock  hath  a 
double  poife,  therefore  a  weight  doubly  lefs  fuffices.  But  if 
the  pendulum  D  F  be  impelled  in  G,  fo  that  D  G  be  a  mean 
proportional  between  A  B  and  D  E,  than  an  equal  weight  in 
each  Clock  is  required,  and  only  double  the  Weight  is  requir¬ 
ed  in  the  Clock  of  the  pendulum  D  F,  when  the  pendulum  is 
incited  in  the  point  H,  fo  that  D  H  be  equal  to  A  B,  and  the 
Globes  C  and  F  arefuppofed  of  equal  weight,  but  if  the  weights 
are  unequal,  then  their  proportion  ought  to  be  had,  wnich 
1  nay  vary  diverlly. 


Book  IX. 


Mechanic 4  Power  si  j  p  5 

Problem.  VII. 

Another  way  of  fitting  a  Pendulum  to  a  Clock , 

Fig.  iH-TTEre  we  will  defcribe  the  way  moft  in  ufe  of  fit- 
JlJL  ting  Pendulums  to  Clocks,  the  Terpentine  or 
encountring  wheel,  muft  be  placed  in  an  Horizontal  fire,  and 
the  beam  of  the  Ballancealfo  ftretcht  out  Horizontally  on  the 
fame  j  the  wheel  furni/ht  with  jagged  teeth,  muft  have  its  num¬ 
ber  unequal  to  this,  that  two  little  flaps,  or  wings,  of  the  Beam 
of  the  Ballance,  may  lay  hold  on  the  teeth  by  turns,  according 
to  the  ufual  manner,  which  little  wings  ought  therefore  fo  to 
be  joined  to  the  beam  of  the  Ballance,  that  their  planes  make 
a  right  angle,  and  the  Axis  of  the  beam  ought  to  be  extended 
precifely  through  the  centre  of  the  Wheel ;  but  becaufe  if  the 
Pendulum  be  immediately  join’d  to  the  beam  of  the  ballance, 
its  weight  will  burden  it  too  much, therefore  a  handle  is  added 
to  the  beam,  boared  through  in  the  extream  point,  to  which 
hole  is  fixt  a  rod  hanging  at  liberty  that  it  may  eafily  agitate. 

But  you  muft  take  care  that  the  lower  little  arm  pofiefs  a 
middle  fite  between  each  little  wing  of  the  beam  of  the  Bal- 
lance,  left  one  vibration  of  the  pendulum  be  greater  than  ano¬ 
ther,  and  make  the  motion  very  incongruous  and  lame;  in  the 
reft  obferve  the  precepts  already  delivered  3  Tome  fix  a  Globe 
unmoveable  on  the  end  without  any  Screw,  moving  the  cen¬ 
tre  of  the  Spear  or  Wire,  they  raife  it  or  deprefs  it  to  reduce 
the  vibrations  to  the  exaft  meafure  of  time,  for  when  the  cen¬ 
tre  is  raifed,  the  pendulum  runs  through  a  Idler  arch,  and 
footer  difpacches  each  vibration,  fpecialiy  becaufe  his  reVifted 
by  a  idler  impulfe,  and  it  makes  the  vibration  flower,  if  it  be 
deprdl  for  the  contrary  reafons  3  yet  you  muft  take  care  that 
the  centre  be  not  beneath  the  axis,  nor  that  it  be  elevated  much 
above  it;  laftly,  the  length  of  the  little  arms  are  determined 
by  practice,  and  by  the  wheels. 
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Problem,  VIII. 

To  amend  the  Irregularity  of  all  Clocks  and  Engine,  mea~ 
faring  time  otherwife  than  ly  the  manner  of  Pendulums . 

IKnow  fame  have  not  been  wanting,  who  are  willingtoa- 
dopt  Pendulums  to  watches,  or  oor  holes  Clocks,  neverthe- 
lefs  they  laboured  in  vain  •  for  the  n  allnef  of  the  Watches, 
and  the  diverllty  of  their  Scituations,  with  roe  continual  agi¬ 
tation  of  the  pendulums,  whir"  they  are  carried  about,  cannot 
ealily  admit  them  to  vibrate  uniform]}7  •  and  although  the  pen¬ 
dulum  may  be  fo  fitted,  that  being  libra  ted  between  many 
circles  or  rings,  after  the  manner  of  a  Sea  Needle,  it  may  al¬ 
ways  obtain  a  perpendicular  fire,*  however  the  agitation  of  the 
whole  watch  will  make  the  vibrations  of  the  pendulum  to  run 
fometimes  in  this,  fometimes  in  the  other  part,  hindering  their 
equality  altogether,  befides  that,  the  fpace  which  the  beam  re¬ 
quires,  is  much  greater  than  the  magnitude  of  Watches  will 
conveniently  admit ;  wherefore  perchance  more  patly,the  whole 
watch  with  its  pendulum  appled  to  it  after  one  of  the  forefaid 
prefcriptions,  may  be  hung  within  3  or  4  little  circles,  which 
may  eafily  be  included  in  a  Spherical  cafe  of  the  Watch. 

Since  therefore  the  application  of  Pendulums  to  thefe  kind 
of  Watches,  or  other  portable  Engins,  are  either  ufelefs  or  al¬ 
together  difficult,  the  illuftrious  Hugemus  (  for  his  new  Inven¬ 
tion,  now  known  to  all  the  World  )  hath  found  out  another 
way,  which  I  could  not  pafs  by  in  this  place,  it  being  very 
profitable  and  ingenious,  therefore  accept  it  as  taken  from  Let¬ 
ters  of  the  fame  Author. 

The  Miftery  of  the  Invention  confiffs  in  a  thin  plate  of  met* 
tabor  fpiral  creft,  having,  ffiftned  to  it  at  the  lower  end  a  Cars- 
gut  String,  or  an  Inftrument  of  an  equal-weight,  but  greater 
and  more  ponderous  than  is  wont,  and  movable  of  its  own 
accord  to  and  fro  upon  its  points  j  and  the  other  end  is  fan¬ 
ned  to  a  little  part  or  covert  kicking  up  above  the  upper  parr, 
of  the  Clock,  which  being  once  vibrated  to  the  tongue  of  the 
Baltance  of  the  Clock,  comprdles  and  releafes  its  fpires  one  af¬ 
ter  another,  and  drawing  to  it  felf  a  little  help  coming  from, 
the  wheels  of  the  clock,  maintains  the  motion  of  the  Inftru-- 
ment  or  Ballance  fo  truly,  that  although  it  makes  greater  or 
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letter  digrelfions,  its  reciprocations  neverthelefs  throughout  are 
equal  in  time  one  to  another.' 

Fig.  134..  In  the  figure  of  the  former  Clock  the  plane  is 
A  B,  the  circle  of  the  Ballance,  or  compafs  about  the  tongue 
of  the  ballance  C  D,  its  axis  or  lance  E  F ;  the  wing  or  fpring 
turn’d  into  a  fpire  G  H  M  is  faftned  to  the  fpenr  of  the  bal¬ 
lance  in  M,  and  to  the  thin  plate  of  mettal  on  the  upper  plane 
of  the  Clock  in  G,  fo  truly,  that  all  the  fpires  of  the  Ipring 
cleave  to  thefe  two  props  hanged  up  in  the  air,  touching  no¬ 
thing  beneath :  NOP  QJs  a  certain  covering,  or  propping, 
in  which  the  other  point  of  the  ballance  is  turned  :  R  S  is  one 
of  the  toothed  Wheels  of  the  Clock,  having  a  certain  motion 
of  the  poifer  impreft  on  it  from  meeting  with  the  next  wheel, 
and  this  wheel  R  S  is  folded  into  the  TympaneT,  made  fall 
to  the  axis  or  fpear  of  the  poifer,  whofe  motion  is  by  this  means 
as  much  maintain’d  as  there  is  occafion. 

This  Invention  of  Hugenius  may  be  ufed  not  only  in  Watch¬ 
es,  and  portable  Clocks,  but  alfo  in  others  which  are  put  into 
motion  by  hung  weights;  and  to  which  he  adds,  That  a  clock 
made  by  the  forefaid  Artifice  may  be  ferviceable  in  finding 
the  Longitude  at  Land  and  Sea,  which  I  am  not  eafily  indu¬ 
ced  to  believe,  for  neither  is  the  inequallity  of  motion  of  Clocks 
more  correfted  by  this  Invention  than  by  Pendulums,  as  you 
may  eafily  underhand  by  wh'at  is  faid,  neverthelefs  ’tis  very 
ufeful,  becaufe  it  may  be  fitted  to  portable  Clocks,  or  Watches, 
which  cannot  fuller  a  Pendulum. 

Fig.  135.  I  obferve  that  the  fpear  of  the  ballance  E  F  may 
agitate,  and  unlefs  I  am  miftaken,  more  beneficially  by  a  Zone 
or  double  wheel  with  fmooth  teeth,  or  little  keys  after  that 
manner,  whereby  a  pendulum  agitates  in  the  fifth  problem,  to 
wit,  if  the  little  keys  C,  D,  G,  H,  &c.  by  turns,  or  one  after 
another,  hit  againft  the  two  little  wings  A  and  B,  here  and 
there  fixt  to  the  fame  fpear  or  lance ;  for  fince  this  fpear  ought 
to  be  much  thicker  and  ftronger  than  commonly  they  are  wont 
in  common  Clocks,  and  more  reftfts  the  impulfes  of  the  wheel 
S  R,  by  reafon  of  the  fpire  G  H  endeavouring  againft  it,  the 
poiling  wheel  commonly  call’d  Serpentine  is  not  fo  ufeful, 
which  is  wont  to  agitate  the  common  fpear  of  the  Ballance. 
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Problem.  IX. 

A  Clock  that  makes  no  Noife,  and  yet  hath  a  Pendulum * 

Fig.  136.TT  will  not  be  unpleafant  in  this  place  to  dcfcribe  a 
X  kind  of  a  Clock  which  we  found  in  Father  Mill - 
et's  third  Book  .of Statics*  or  art  of  balancing,  Frcp.  59.  where, 
he  hath  thefe  things. 

This  kind  of  Clock,  or  Watch,,  is  moft  ufefull,  becaufe  no 
found  of  the  Poifer  is  heard,  and  therefore  may  be  ufed  in  a 
Bed -room  without  fear  of  difturhing  ones  reft. 

The  Lord  Setale  hath  had  many  of  this  kind  made,  and  the. 
Artifice  was  thus:  The  Clock  confifts  of 4  wheels,  and  one  axis, 
furnifht  with  little  wings  or  Pinions. 

The  firft  wheel  was  furnifht  with  96  Teeth,  and  difpatcht, 
half  a  circulation  in  an  hour. 

The  fecond  had  in  the  axis  12  little  Teeth,  and  in  the  cir¬ 
cumference  of  the  wheel,  it  had  72  little  Teeth,  and  it  accom- 
pliflit  4  circulations  in  one  hour. 

The  third  had  6  little  teeth  in  the  axis,  and  in  the  circumfe¬ 
rence  60  little  teeth,  and  finiflit  48  circulations  in  an  hour. 

The  fourth  had  8  little  Teeth  in  the  axis,  and  in  the  circum¬ 
ference  8a,  and  finiflit  360  circulations  in  an  hour. 

The  axis  furniflit  with  wings  which  is  defcribed  in  the  Fi¬ 
gure  e  e,  had  8  little  teeth,  and  finiflit  3.600  circulations  In  an 
hour,  and  fince  every  circulation  made  one  compounded  vi¬ 
bration,  there  was  3600  compounded  vibrations,  and  7200 
Ample  ones  $  one  compounded  vibration  is  equal  to  a  fecond 
Minute,  and  a  Ample  one  to  half  a  fecond  minute,  the  length,, 
of  the  pendulum  was  9  inches. 

The  whole  Artifice  confifts  in  the  axis  B  C,  and  in  the  han¬ 
dle  of  the  pendulum  H  I  K,  which  may  be  turned  about  the 
point  G,  as  about  an  axis,  and  the  point  K  was  ingrafted  in 
the  point  6  of  the  axis,  furniflir  with  rings,  which  axis  while 
it  turns,  inforces  the  arm  K  I,  and  draws  it  in  by  turns  3.  which 
you  may  eafily  conceive,  if  the  arm  K  I  be  at  right  angles  with 
the  axis  B  C,  and  be  ingrafted  in  the  point  6  j  the  reft  may  bet¬ 
ter  be  conceived  if  the  thing  be  put  into  Execution,  than  can, 
be  expreft  in  words. 

Problem 

tb 
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Problem,  X. 

To  determine  the  mrnler  of  Teeth  and  Wheels  in  Clocks 

which  have  Tend  alums. . 

THis  pni&ice  ought  not  wholly  to  he  negle&ed,  which  is 
moft  ufefui  in  direSing.  Artificers,  d peck ily  fin ce  it  alfo 
contains  a  method  of  beginning,  and  reckoning  the  number 
of  vibrations  and  circulations  oh  wheels,  which  is  very  raref- 
fary  in  theconfcru6Hon  of  ail  other  Engins. 

The  forefaid  Author  began  thefe  reckonings,  together  with 
the  forefaid  method  in  divers  forms  of  Clocks,  beginning  from 
a  Clock  which  confifted  of  two  wheels  only  •  for  although  it 
is  difficult  to  fit  that  pendulum,  neverthelefs  if  it  be  accomplice 
k  will  be  very  exatk,  lince  the  meeting  of  many  wheels  induce, 
always  a  greater  inequality  in  motion. 

Fig.  137.  In  the  fuff  place  therefore  (  faith  he  )  Jet  there 
be  two  wheels,  the  firft  or  lower  of  120  teeth,  which  is  fup- 
pofed  to  finifh  two  circulations  in  hour,  wherefore  it  will  be 
equivalent  to  a  wheel  of 240  teeth:  The  feconct  wheel  hath  a 
little  wheel  of  5  teeth,  wherefore  while  they  pafs  through  $■ 
of  the  teeth  of  the  greater  wheel,  the  fecond  finiffies  one  cir¬ 
culation,  therefore  you  mull  know  how  many  times  $  is  found 
in  240,  which  you  will  know  by  Divifion,  and  the  quotient 
willbe  48,  wherefore  the  fecond  wheel  makes  48  circumvolu¬ 
tions  in  one  hour :  And  it  appears,  that  the  fecond  wheel  of 
35  teeth,  each  of  which  effefts  two  lingle  vibrations,  lince  it 
touches  the  poifer  twice  ;  wherefore  each  circulation  makes 
7c  vibrations,  multiply  70  by  48  and  you  will  find  3360  Engle 
vibrations  in  an  hour,  the  Pendulum  will  be  Feet  3-,  and  feme- 
what  more. 

Fig.  138.  I  will  propofe  another  not  unlike  the  precedent: 
Let  the  lame  wheel  have  120  teeth  which  will  make  two  cir¬ 
culations  in  an  hour,  and  therefore  will  be  equivalent  to  a 
wheel  of  240  teeth:  The  fecond  little  wheel  Hull  have  6  teeth, 
divide  24.0  by  6  and  the  quotient  will  be  40,  the  fecond  wheel  i 
then  will  be  turn’d  round  40  rimes  in  an  hour,  and  fhaii  have 
45  teeth  ;  and  becaufe,  as  I  faid  but  now,  each  tooth  touches 
the  poifer  twice  in  each  circulation,  this  number  will  be  doub- 
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kd  and  will  make  90,  which  number  multiply  by  40,  and 
you  will  have  3600  Angle  vibrations  in  an  hour,  that  is,  each 
Angle  vibration  will  be  equal  to  a  fecond  minute  3  the  length  of 
the  Pendulum  muft  be  3  feet  3  inches  and  of  our  Engliili 
feet. 

Or  if  inftead  of  the  6  teeth  of  the  little  wheel  you  put  the 
teeth  of  the  little  wheel  5,  for  then  the  fecond  wheel  corn- 
pleats  48  circulations  in  an  hour,  and  there  will  be  4320  vi¬ 
brations  in  an  hour,  the  length  of  the  Pcndulm  will  be  about 
two  feet. 

In  the  like  manner,  if  there  be  given  the  firft  w  heel  making 
two  circulations  in  an  hour,  and  of  130  teeth  3  the  fecond 
wheel,  or  that  which  encounters  with  it,  fhali 
j Fig,  139.  have  a  little  wheel  of  3  teeth  :  Wherefore  the  di- 

vifion  being  made  of  300  teeth  (  which  are  in  two 
circulations  )  bv  3,  it  will  make  60  circulations  :  Suppofe  60 
teeth  in  the  fecond  wheel,  that  is,  1 20  vibrations  in  each  cir¬ 
culation,  it  will  make  the  number  7200,  and  the  Pendulum 
about  9  inches,  that  is,  each  Angle  vibration  will  be  equiva¬ 
lent  to  half  a  fecond  minute.  - 

The  fame  things  being  obferved,  except  that  the  firft  wheel 
compkats  only  one  circulation  in  an  hour,  you  will  have  the 
number  of  vibrations  360c,  and  the  Pendulum  will  be  3  feet9 
that  is,  each  vibration  will  be  equal  to  one  fecond  minute. 

Which  Examples  I  have  put  only,  becaufe  you  may  learn 
the  method  of  finding  out  other  numbers,  which  fihall  feem 
more  fit, 

A  Clock  with  three  Wheels. 

You  can  fcarcely  make  Clocks  with  Pendulums  which  fhall 
have  Only  two  wheels,  unlefs  you  make  the  Wheels  very 
great,  and  abundance  of  teeth  :  Wherefore  the^  greater  are 
commonly  made  of  three  Wheels,  and  the  lefier  of  four  :  I  Ik  a  11 
exhibit  in  this  place  feme  numbers :  A  Clock  hath 
Fig.  140.  3  wheels,  the  fi'.ft  of  which  hath  112  teeth,  and 

the  fecond  little  wheel  7,  the  fecond  wheel  hath 
60 ,  the  little  wheel,  or  axis  of  die  third  wheel  hath  8  teeth, 
the  meeMng  wheel  1  you  will  have  the  number  oi  Vibrations 
thus,  Divide  112,  the  number  of  teeth  of  the  firft  (  which  in 
each  hour  is  once  turn’d  about  )  by  7,  to  wit,  the  axis  of  the 
fecorxl,  and  you  will  find  the  fecond  to  be  turn’d  about  16 
times  j  and  the  fecond  hath  60  teeth,  wherefore  multiply  id 
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by  60  and  you  will  find  960,  therefore  it  pafTesover  960  teeth  of 
die  fecond  in  an  hour,  which  number  you  mu  ft  divide  by  8,  the 
axis  of  the  third,  and  you  will  find  the  third  to  make  120  cir¬ 


cumvolutions,  and  it  hath  15  teeth  which  make  30  Angle  vi¬ 
brations,  multiply  30  by  120  you  will  have  3000  Angle  vibra¬ 
tions,  and  each  equivalent  to  a  fecond  minute,  the  length  of 
the  Pendulum  muft  be  about  three  feet. 


The  fame  is  better  done  by  other  numbers  :  Let  the  firft  have 
96  teeth,  the  axis  of  the  fecond  <5,  the  fecond  43,  [he  axis  of  the 
third  6 ,  the  third  13,  and  this  length  of  3  feet  is  bell  for 
great  Clocks. 

The  3  following  numbers  give  the  number  7200  vibrati¬ 
ons  in  an  hour,  that  is,  2  vibrations  in  one  fecond  minute,  to 
wit,  the  going  , and  returning,  and  the  length  of  the  Pendulum 
9  inches. 


Vibrations  7200 

Vibrati 

ons  7200. 

order  of, 

Circumvo- 

Teeth  of 

j  Circum- 

Teeth  oi 

Circum- 

Teeth  cf 

I 

wheels. 

lutions. 

wheels. 

volutions 

wheels. 

volutions 

wheels. 

■  3 

HP 

* s 

144 

2> 

H4 

25 

5 

5 

5 

2 

48 

60 

Hf 

\  $° 

r5 

c 

I  2 

6 

!  5 

I 

1 

75  1 

. J.J  1 

72 

1  A .. 

~  7* 

Length  of  Pendulum  9  inches. 

Pend.  5 

inches. 

Pend.  9 

inches. 

In  the  fiicceeding  Table  the  numbers  deferibed  give  the  Vibra¬ 
tions  7600  and  10000,  with  the  Length  of  the  Pendulum 
8  inches  and  4  inches  and  f. 


Vibrations  7600.  _____  Vibrations  10000. 


Jorder  of 

[wheels. 

Circumvo 

lutions. 

Te-eth 

Circum¬ 

volutions 

Teeth 

Circum¬ 

volutions 

i  Teeth 

Cir. 

Tee. 

3 

200 

IP 

200 

19 

200 

200 

25 

6 

5 

5 

... 

5 

2 

20 

60 

20 

5° 

20 

£0 

20 

5° 

1 

6 

<5 

■  I 

5 

5 

1 

t - - 

X 

bo  ; 

i  2 

60 

. 

*7  f 

75 

Cj 

do 

1 

Length  of  Pendulum  8  inches.  Pend,  8  inches.  Pend.  4  inches  j  4  7 
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The  following  Numbers  are  for  a  Clock,  which  makes  10800 
Vibrations  in  an  hour,  or  3  in  one  fecond  minure,  the  length 
of  the  Pendulum  4  inches  and  and  others  alfo,  as  may  be 
feen  in  the  fo  lowing  Table. 


1 0800 

10800 

I4-P  j 

I  1400 

1 1400 ! 

1 

— - — , —  T  1 

IO944 

9600 

1 1 6 

23 

5 

2  id 

2  5 

5 

288 

2-5 

300 

*9 

300  19 

i  5: 

i 

2  88  1 9 

5 

320 

lS 

5 

Z2~ 

28 

5 

i  18 

1 

60 

6 

i8f 

30 

5 

30 

5° 

5 

23  \6o 

|  dj 

24  \6o 

6 

j 

|t<s* 

I 

60 

6 

b-L  -7. 

<T 

72 

2 

Jl 

2  ■ 

75 

1 

2  72 

2 

80. 

The  following  Numbers  are  for  a  Clock  with  4  Wheels,  the 
number  of  Vibrations  in  an  hour  are  10800,  to  wit,  3  Vibra¬ 
tions  anfwer  one  iecond  minute,  the  length  of  the  Pendulum 
is  about  4  inches  j . 


10800 

1 

0 

GC 

OO 

CO 

0 

M 

CO 

1 08 

00 

cs 

0 

*5 

jfio 

*5 

3  60 

13 

360 

*5 

6' 

** 

y 

. 

6 

d 

60 

■  36  . 

60 

V  30 

60 

60 

3d 

*  i 

6 

6 

d 

d 

7t 

4  8 

) 

40 

8 

45 

8 

45 

8 

6 

8 

7 

I 

60  . 

I 

54 

1 

d4  ! 

1 

5  d 

Thefe  Tables  were  made  by  the  forefaid  Author,  wherein 
the  Printer  had  committed  fome  Errors  which  we  have  amen¬ 
ded,  that  they  may  be  ufeful  to  Artificers^ 

If  in  the  lad  Table  you  take  the  numbers  propofed,  chang¬ 
ing  only  the  number  13  of  teeth  of  the  upper  wheel,  and  in 
its  pia(:e  ufing  a  wheel  of  zo  teeth,  you  will  have  a  Clock 

which 
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which  will  compleat  144.00  Vibrations  in  an  hour,  to  wit,  4 
in  one  fecond  minute,  and  the  length  of  the  pendulum  will  be 
Inches  2  ~  ;  neverthelefs  becaufe  many  Artificers  will  have  the 
meeting  wheel  to  have  an  odd  number  of  teeth,  they  obferve 
the  precedent  numbers,  to  wit,  fo  that  only  the  laft  wheel  but 
one  which  finifhes  60  circulations  in  an  hour  hath  48  teeth  in- 
Head  of  36  teeth,  and  makes  the  fame  number  of  Vibra¬ 
tions  14400. 

Wheels  are  divided  many  other  ways,  and  the  Clocks  are 
commonly  furnifht  with  Pendulums  3  fome  are  fo  difpofed, 
that  the  ferpentine,  or  encountring  Wheel,  is  turn'd  round  60 
times  in  an  hour,  and  is  furnifht  with  60  teeth,  and  finifhes  two 
vibrations  in  one  fecond  minute  3  or  hath  30  teeth,  and  fini¬ 
fhes  one  vibration  in  a  minute,  then  the  number  of  the  teeth 
themfeives  infcribe  the  minutes  wdiich  appear  confpicuous 
through  a  round  hole,  or  through  a  little  opening  made  in 
the  front  of  the  Clock. 

Problem .  XI. 

7o  correct  perfectly  the  inequality  of  motion  of  Clocks ,  or  other 
Engins  that  meafure  time ,  having  Pendulums ,  ly  apply - 
ing  a  double  Pendulum ,  and  ly  Cycloides. 

ALthough  a  Pendulum  applied  to  a  Clock  (  as  we  have 
faid  )  effedts  this,  that  if  the  impulfive  caufe  of  motion 
of  the  wheels  be  too  fwift,  or  too  flow,  its  vibrations  tempers 
it,  each  of  which  when  they  meafure  a  determinate  time,  ei¬ 
ther  they  agree  to  the  too  much  celerity  of  the  wheels,  or 
they  ftir  up  and  excite  their  heavinefs  and  dulnefs,  whence  for 
the  mod  part  the  irregularity  is  taken  away  3  notwithftandirg 
becaufe  while  the  Pendulum  refills  the  unequal  impulfes  of 
the  wheels,  their  vibrations  in uft  needs  contract  fome  irregu¬ 
larity  to  themfeives,  fo  that  fome  make  their  excurfions  thro' 
greater  and  others  thro'  Idler  arches 3  and  it  appears  by  wThat 
has  been  faid,  that  thofe  Pendulums  finifh  their  arches  in  fhor- 
ter  time  which  make  the  leaft  arches,  and  thofe  in  longer 
which  make  greater  or  larger  arches :  Hence  his,  that  by  ap¬ 
plication  of  a  Pendulum  all  the  Irregularity  is  rot  wholly  cor¬ 
rected,  unlefs  the  Clock  be  fo  fitted  that  the  vibrations  be  tru¬ 
ly  regular  and  uniform. 
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And  this  irregularity  of  Vibrations  may  proceed  from  a 
threefold  head ;  the  firft  is,  the  various  temper  of  the  air  thror 
which  the  globe  palfes,  for  if  it  be  thick  it  refills  more,  if  hea¬ 
vier,  the  motion  is  not  only  consequently  hindred  by  the  grea¬ 
ter  denfity*  but  alfo  the  weight  of  the  globe  is  rendred  lefs 
ponderous,  thar  therefore  they  have  lefs  ftrength  to  cut  the 
air,  and  it  renders  the  motion  of  the  wheels  and  the  Impetus 
more  faint  and  weak.  The  fecond  is,  the  impukive  force  of 
the  wheels,  or  other  power,  continuing  the  vibrations,  which 
if  it  be  irregular,  induces  in  like  manner  at  leak  fome,  if  not 
all,  the  irregularity  in  the  vibrations,  and  rbefe  two  heads  may 
be  referred  to  outward  caufes.  The  third  is  from  within,  or 
from  the  nature  of  the  vibrations  themfelves,  which  are,  as 
we  have  faid,  that  if  a  globe  fall  by  its  own  weight,  in  fwing- 
ing  it  will  make  many  vibrations,  yet  they  will  not  all  be  of  a 
like  continuance.  ' 

The  irregularity  of  Vibrations  which  proceed  from  the  firil 
head  may  wholly  be  taken  away,  if  the  Clock  with  the  Pen¬ 
dulum  be  included  in  a  cafe  of  glafs,  or  fuch  like  receptacle, 
wholly  unpayable  to  the  air  (  which  how  to  perform  we  fliall 
fhew  hereafter  )  wherefore  it  remains  that  we  fpeak  to  the 
two  other. 

To  the  Irregularity  of  the  third  head,  which  is  as  it  were 
inbred  in  the  fimple  vibrations  themfelves,  a  remedy  feems  to 
be  found  by  the  induftrious  Hugenius  by  the  following  inge¬ 
nious  practice,  the  whole  Art  confifts  in  a  double  arch  of  the 
figure  of  a  Cycloid,  within  which  the  Pendulum  agitates. 

•  her  the  Pendulum  be  A  B,  which  is  agitated  to 

ai‘Q  fro  by  ihdiilerent  arches  B  C,  B  D  of  20  degrees,  and  let 
this  Pendulum  hang  by  a  thred  or  fmail  cord  A  h  of  one  inch 
nioie  01  is,  according  to  the  length  of  the  Pendulum,  w  hole 
remaining  part  E  B  muff  be  lliff  •  difpofe  here  and  there  near 
the  centre  A  two  bowed  thin  plates  of  mettal  AG  H  and  A  F  f, 
10  that  they  touch  the  lines  A  D,  A  C,  in  the  points  F  and  G, 
and  the  curvity  ought  to  have  the  figure  of  a  Cycloid  3  fo  it  will 
come  to  pans  that  if  die  Pendulum  make  greater  vibrations,  and 
i  tins  out  beyound  the  lines  A  C,  A  D,  it  will  touch  the  Cycloid 
in  the  ^points  and  G,  and  its  length  will  not  any  longer  be  A  D 
bm:  f  D,  and  10  when  the  Pendulum  is.  made  fharrer,  its  vi¬ 
le  a  non  continues  ids  time:  But  why  the  Author  chofe  rather 
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1  y  appear,  nor  doth  his  Demonft ration  feem  to  be  lawful, 
whereby  he  pretends  to  fliew  by  this  Cycloid  that  the  length 
of  the  Pendulum  is  made  lefler  and  Idler  fuccdfively,  while 
it  hits  againft  the  thred  A  E,  and  that  that  lefler  length  precife- 
ly  compenfates  the  greater  length  of  time  of  the  vibrations 
which  are  made  by  the  greater  arches. 

The  manner  of  defcribing  the  Cycloid, according  to  the  Au¬ 
thor,  is  two  fold  :  Firft,  defcribe  a  Circle  whofe  diameter  A  B 
is  equal  to  half  the  length  of  the  given  Pendulum  ;  take  in  the 
circumference  any  number  of  equal  parts  both  ways  from  the 
diameter  as  AC,  CD,  DE,  EF,  and  A  G,  G  H,  HI,  I  K,  and 
join  the  parallel  lines  CG,  D  H,  E  I,  F  K,  then  make  the  right 
‘line  L  M  equal  to  the  Curve  or  arch  A  D  F,  and  divide  it  in¬ 
to  as  many  equal  parts  as  there  are  in  the  arch,  to  wit,  into  4 
parts,  one  of  thefe  parts  of  the  line  L  M  transfer  from  C  to  N, 
and  the  fame  transfer  from  G  to  O  ;  moreover  two  of  thefe 
parts  L  M  transfer  from  D  in  P,  and  from  H  in  Qj  likewife 
three  of  them  from  E  in  R,  and  from  I  in  S:  Laftly,  all  four 
from  F  in  T,  and  from  K  in  V,  and  by  the  points  A,  O,  Q, 
S,  V  draw  a  line,  and  alfo  by  the  points  A,  N,  P,  R,  T,  and 
they  will  be  portions  of  a  Cycloid,  between  which  the  Pendu¬ 
lum  mud  be  hung  from  the  Centre  A ;  the  right  line  L  M 
which  is  to  be  equal  to  the  arch  A  D  F,  he  teaches  to  find  in 
this  manner  :  Make  X  Z  equal  to  two  chords,  fubtending  the 
arches  AD,  D  F,  then  take  X  If  equal  to  the  Chord  A  F,  of  the 
whole  arch  A  D  F,  take  the  third  part  of  the  difference  Y  Z, 
that  is  Z  A,  and  add  it  to  X  Z,  and  X  A  will  be  a  right  line  e- 
qual  to  the  arch. 

The  fecond  way  is  Mechanically  ;  on  a  plain  Table,  place  a? 
Ruler  A  B  half  an  inch  in  fhicknefs,  make  alfo  a  little  wheel  or 
cylinder  of  the  fame  thinknefs  CDF  H,  whole  Diameter  make 
equal  to  half  the  length  of  the  pendulum  ;  then  a  thred  or  firing 
F  C  H  E  being  faftned  in  the  point  F  of  the  rule,  and  in  fome 
point  E  of  the  Cylinder,  fo  that  part  of  it  be  wound  about  the 
Cylinder,  and  the  other  part  extended  on  the  fide  of  the  rule 
p  q  .  j n  the  fame  Cylinder  fix  an  iron  (file  D  I,  which  fhall 
defcehd  a  little  below  the  lower  bafe,  and  exactly  correfpond 
to  the  circumference  of  the  Cylinder;  thefe  things  thus  dif- 
pofed,  if  the  Cylinder  turnabout  on  the  fide  B  A,  towards  A, 
fo  that  the  firing  be  always  wholly  ftrecht,  the  ftile  with  its’ 

point  I,  will  defcribe  the  cycloid  line  1  K,  and  in  thd  lame 
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manner,  you  may  deferibe  another  like  and  oppoflt  unto  it, 
and  you  will  have  the  figure  M  K  I,  which  reprefents  the  fpace 
between  the  two  crooked  pieces  of  thin  mettal.  between  which 
the  pendulum  ought  to  agitate,  fo  as  to  make  ail  its  vibrations 
in  equal  times. 

Another  late  invention  of  Alathew  Camfawes  con  lifts  altoge¬ 
ther  like  to  a  double  Pendftlum,  which  is  fo  fitted  to  the  Clock* 
that  one  of  them  moves  and  makes  a  certain  number  of  vibra¬ 
tions*  the  other  reding,  and  by  turns  while  the  firft  refteth  the 
other  finifhes  the  fame  number  of  vibrations  *  and  in  this  man¬ 
ner,  his  agitated  by  one  after  tother,  that  as  foon  as  one  reft- 
eth,  the  other  begins  to  move*  for  if  a  pendulum  of  its  own 
accord  and  proper  weight  falling  from  fome  certain  height  of 
its  arch.,  make  i  co  vibrations  in  the  fpace  of  one  minute  t)f  an 
hour  *  his  certain  that  another  exactly  like  the  former  will  e- 
fe<ft  the  fame  number  of  vibrations  in  the  fame  fpace  of  time, 
provided  it  fall  of  it  felf  from  the  fame  height ;  to  wit,  the  im¬ 
pediment  being  removed  in  the  fame  manner  which  detain’d 
the  pendulum  from  falling  from  that  Altitude  *  wherefore  if 
two  pendulums  are  fo  fitted  in  a  Clock,  that  they  are  both  e- 
very  where  alike,  and  failing  from  an  equal  height  finiifi  100 
vibi  axioms  in  one  min uxe,  they  will  move  one  after  another, 
nor  will  one  begin  to  move  until  the  other  has  finilht  iqo  vi¬ 
brations,  and  no  irregularity  can  intervene  in  the  meafure  of 

morion,  fince  each  compleats  igq  vibrations  in  one  minute 
precifely. 

And  toe  Clock  may  be  fo  difpofed,  that  while  one  pendu¬ 
lum  makes  its  vibrations,  the  ether  pendulum  not  only  r efts*, 
but  neither  any  of  its  wheels  of  the  Clock  are  moved,  hefides 
iome  one  deiigned  for  the  purpofe,  that  as  foon  as  the  other 
hath  made  soo  or  6 o  vibrations*  it  removes  the  impediment 
which  detain’d both  the  pendulum  and  the  Clock,  and  detains 
the  pendulum  find  in  agitation  to  red  at  the  feme  indam  that  the. 
Ocher  together  with  the  Clock  begins  to  move*  then  again* 
the  Cl ocx  with  the  pendulum  redeth  the  impediment  being  re- 
moved  from  the  motion  of  the  other  pendulum. 

This  may  be  done  many  ways*,  as  any  one  indrufted  and; 
exceeded  in  Mechanicks  may  ealily  underdand  *  the  Author 
ficws  one  way,  which  becaufe  he  hath  not  fulficienriy  explain¬ 
ed  it,  tis  in  vain  to  defcribe  it  here. 

And  although  I  think  this  kind  of  Clock  fumidit  with  a 
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double  pendulum  to  be  moll  exa 6i,  and  fcarcely  to  err  one 
minute  in  an  whole  day,  that  is,  in  24  hours,  if  it  be  well  kept^ 
in  fome  Chamber,  and  be  placed  in  an  unmoveable  fife  ;  yet  if 
you  make  ufe  of  it  in  Navigation  to  find  the  Geographical 
Longitude,  I  cannot  efieem  it  wholly  to  fatisfie  what  is  deli  red, 
for  two  Rea/ons  ;  firft,  becaufe  it  can  fcarce  be  in  the  agitation 
of  a  great  fhip,  but  the  whole  Clock  mu  ft  conceive  fome  mo¬ 
tion,  or  at  lead  a  light  fhaking  or  trembling  in  it  felf,  although 
it  be  artificially  fixt  on  movable  poles,  or  hangs  on  movable^ 
circles ;  from  which  trembling  or  fhaking,  the  vibrations  of 
the  pendulums  mud  needs  fuffer  fome  irregularity. 

The  lecond  reafon  common  to  all  kind  of  pendulums  is, 
becaufe  while  the  pendulum  is  moved  together  with  the  /hip, 
it  makes  not  a  circular  motion,  but  another  motion  mixt  of  a 
circular  and  a  right ;  yea,  if  the  fhip  befides  an  Horizontal 
motion  be  agitated  by  other  motions,  chiefly  upwards  and 
downwards, as  happens  many  times  in  an  unquiet  Sea,  the  mo¬ 
tion  of  the  Pendulum  will  be  mixt  of  a  Circuler,  Horizontal, 
and  of  other  motions  both  right  and  crooked,  nor  at  any  time 
uniform,  from  whence  it  comes  to  pals,  that  while  the  centre 
of  the  pendulum  is  irregularly  moved,  its  vibrations  will  be 
irregular,  and  it  will  run  through  fome  times  greater  and 
fome  times  leffer  arches,  or  rather  crooked  lines,  and  altoge¬ 
ther  unlike  between  themfelves,  as  we  have  /hewn  before. 

Problem.  XII. 

To  reduce  the  continual  moving ,  and  irregular  Powers  of 
Clocks  and  Engins ,  to  a  regular  and  uniform  motion , 

Since  in  the  preceeding  Problem  we  have  taught  ways  and 
means  whereby  the  finite  and  irregular  motions  of  Powers 
may  practically  be  reduced  to  equality  of  motion,  nothing 
feems  now  to  be  wanting,  unlefs  ’tis  to  fhew  how  to  obtain  a 
motion  equal  and  uniform  in  powers  infinite  or  continue 
which  otherwife  of  their  own  nature  are  irregular;  which,  if 
it  be  done,  we  /hall  attain  to  a  motion  continual,  and  altogether 
equal ;  neverthelels  I  do  not  mean  that  continual  motion  which 
is  altogether  mechanical  or  purely  artificial  of  which  in  its  place) 
but  the  other  which  is  called  thyficv- Mechanic^ becaufe  that  it  part¬ 
ly  confiils  of  Art,  and  partly  of  Nature ;  for  lince  no  moving 
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power  Teems  to  be  continual  or  perpetual,  unlefs  it  be  natural, 
or  depends  immediately  on  a  natural  caufe,  as  we  (hall  manifeft 
hereafter,  and  thefe  kind  of  natural  powers  or  virtues  in  nature 
keep  not  always  an  equal  order  ;  it  is  requifite  to  find  out  an  art 
whereby  we  may  effedt  that  their  force,  although  unequal,  may 
neverthelefs  be  ferviceable  to  the  perpetuating  of  a  motion  e- 
qual,  and  altogether  uniform. 

Therefore  1  call  all  thofe  perpetual  moving  powers,  or  na¬ 
tural  and  irregular,  to  which  we  are  apt  either  immediately 
or  mediately  to  apply  new  weights,  or  regular  powers,  within 
fome  finite  and  determinate  time  fucceilively,  and  always  to 

the  Engin  being  once  made. 

And  all  the  induftry  and  art  which  is  to  ufed  in  this  matter, 
tmy  ea lily  be  gathered  from  what  we  have  faid  in  Problem  the 
5th,  for  if  we  fuppofe  a  Clock  to  be  made,  wffiofe  motion 
according  to  the  rules  prefcribed  juft  before  is  absolutely  uni¬ 
form,  and  it  fti  on  Id  go  fo  for  eight  days  by  fome  weight  hanged 
to  the  lower  wheel,  that  in  that  fpace  of  time,  it  ftiall  want 
no  help,  if  then  within  that  fame  time  of  8  days  an  infinite 
power,  or  a  perpetual  natural  one  be  artifically  applied,  that 
fthll  be  fit  to  raife  another  weight  equal  to  the  former,  and  to 
depofit  it  in  the  place  of  the  former,  fo  that  forthw  ith  the 
weight  of  the  Clock  likewife  ftiall  defcend  to  the  bottom,  and 
be  placed  in  the  fubjedted  channel,  the  Clock  will  be  moved 
again  by  that  new  advanced  weight,  according  to  the  artifice 
in  Problem  the  s  th.  aforefaid,  and  that  .will  alio  keep  it  going 
8  days,  it  is  plain  that  the  motion  of  the  Clock  will  be  equal 
and  perpetual.  . ,  T  '  • 

But  Note, that  you  muftufetwo  weights  at  lead,  one  where¬ 
of  nrnft  be  hupg  to  the  Clock,  while  its  regular  motion  moves 
forward,  the  other  by  an  irregular  power  (fuppofe  Wind, 
Rain,  Heat,  Drought,  &c.)  is  fubftituted  in  its  place,  before 
that  hath  difctiarged  its  office.  - 

Moreover  thefe  two  weights  ought  to  be  Spherical, that  one 
may  eafily  fucceed  the  other,  the  devolution  being  made  by  a 
channel,  or  plane,  fome  what  declining,  as  in  the  lame  cth  pro¬ 
blem  is  fhewn. 

Laftly,  his  convenient  that  the  motion  of  the  Clock  be  long 
enough,  and  lading,  before  the  weight  delcend  to  the  lowed 
place^tor  this  reafon,  that  the  natural  powers  may  ferve  turn  a 
lufficient  time  in  the  interim,  that  the  other  weight  that  comes 

in 
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in  place  of  the  former  be  drawn  up ;  for  although  the  fore- 
faid  power  be  perpetual,  yet  It  adts  not  always,  or  at  leaft  fc 
little  fometimes,  that  although  at  fome  times  it  be  more  ftrong, 
oft-times  neverthelefs  a  time  may  be  excelled  for  fome  hours, 
or  alfo  days,  wherein  force  convenient  may  be  attained  by  the 
fucceftive  and  irregular  feries  of  natural  caufes;  that  you  may 
more  clearly  underftand  what  is  meant  when  we  fpeak  of  per¬ 
petual  motion,  for  then  we  defcribe  various  perpetual  motions 
Thyfico- Mechanic ,  from  whence  it  appears  of  what  ufe  na¬ 
tural  powers  are,  and  by  what  art  they  are  applied,  that  their 
force  although  irregular  may  notwithfianding  perpetuate  a  re¬ 
gular  motion  to  any  Engin }  I  will  offer  only  one  Example  in 
this  place,  by  which  you  may  eafily  judge  of  the  reft.  ’Tis 
already  known  to  Artificers,  that  by  final!  Breaths,  or  from  the 
fmoak  of  a  Kitchin  Fire,  fpits  are  wont  to  be  turn’d,  that  is  to 
fay,  difpofe  in  the  centre  of  the  Chimny  (  which  if  it  be  Cy¬ 
lindrical  it  will  be  the  better)  a  crofs,  or  fome  wheel,  furniftit 
with  wings  made  of  Tin,  in  the  fame  or  like  form  as  is  before 
described,  for  fo  while  thofe  wings  hit  obliquely  againft  the 
Smoak,  they  carry  the  wheel  about,  and  if  there  be  in  the  axis 
a  toothed  Tympane,  it  conveys  that  together  with  it  felf,  by 
which  means  it  moves  other  wheels  annext  to  it ;  a  weight 
fome  what  Spherical  put  into  a  little  Basket,  may  be  raifed  to 
a  certain  height,  and  there  put  down  according  as  we  have 
faid  at  Problem  5th.  And  to  raife  this  weight  which  is  fit  to 
animate  the  Clock  in  motion  24  hours,  it  will  not  be  needful 
that  wood  be  always  put  on  the  fire,  but  a  fire  a  few  hours 
will  be  fufficient  each  day,  if  the  Clock  which  is  to  animate  by 
the  weight  raifed  by  the  Smoak, be  proportioned  to  that  weight* 
Wherefore  in  this,  and  any  other  like  artifice,  firft  you  muft 
examine  how  much  weight  may  conveniently  be  raifed  by  a 
natural  power  in  a  Emitted  time  to  a  perfixt  height,  and  then 
make  the  Clock  or  Engin  proportioned  to  fuch  weight. 

What  we  have  faid  concerning  Smoak,  may  take  place  in 
Wind  blowing,  and  Wings  impelling,  which  will  raife  weight 
by  annexing  wheels,  alio  if  any  one  in  a  City,  or  the  Gate  of 
an  Houle,  difpofe  a  threlhold,  or  little  Bridge,  with  an  occult 
leaver,  or  a  fpring  of  thin  mettal plate  a  little  elevated,  fo  that 
by  the  enuring  or  going  forth  of  Men,  of  Horles,  and  of  Cha¬ 
riots,  a  weigh:  may  be  deprdfed  oft  times  in  a  day,  from  each 
force  a  weight  or  fome  bignels  may  be  railed  a  little,  and  fo 
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by  repeated  motions  may  be  drawn  to  a  defigned  height  for 
the  perpetual  animating  of  any  Engin. 

Problem.  XIIL 

A  Clock  animated,  or  going  hy  Sand,  perf eve  ring  in  motion 
many  days ,  and  jhewing  the  Hours ,  and  aljo  Striking . 

After  the  application  of  weights,  or  moving  powers,  we 
come  to  thofe  Engins,  or  meafurers  of  time,  in  which 
the  circular  motion  is  mod  apparent,  and  fince  there  are  many 
Hour-glaffes  that  belong  to  perpendicular  motion,  or  to  an  in¬ 
clined  plane,  it  remains  for  the  perfecting  of  them,  that  we 
ft  ew  how  (  approaching  to  circular  motion  )  it  maybe  effect¬ 
ed  that  they  may  turn  themfelves  by  motion  of  their  own  ac¬ 
cord  after  the  flowing  or  running  of  the  Sand,  and  that  not 
once,  but  many  times  one  after  another,  that  therefore  we 
may  not  only  be  freed  from  the  inconveniency  of  attending 
the  lad  flux  of  the  Sand,  while  we  are  converfant  in  any  other 
bufinefs,  but  alfo  that  it  may  not  want  any  help  of  the  hands 
for  feveral  days,  and  each  turning  about  may  fucceffively  ftew 
the  Hours,  or  likewife  Strike ;  Mark  what  follows. 

Fig .  143.  Suppofe  A  B  an  Hour-glafs  with  Sand,  fuch  as  is 
commonly  ufed,  in  the  middle  whereof  fix  a  trarTverfe  axis  G 
H,  and  in  an  Horizontal  fite,  and  to  the  fame  axis  let  there  be 
firmly  fitted  two  Pullies,  or  rather  Cylinders  here  and  there, 
movable  with  the  axis  by  means  of  weights  Qjmd  R  hang¬ 
ing  from  them  ;  above  the  Hour-glafs  make  another  Horizon¬ 
tal  axis  I  K,  movable  about  the  poles  I K,  to  whofe  fide  annex 
an  immovable  arm  L  M,with  a  weight  M  affixt  to  its  end;  and 
in  the  middle  in  like  manner,  let  another  little  arm  N  O  para- 
lell  to  the  former  defeend,  which  may  be  detain’d  in  its  ex- 
tream  part  O,  or  rather  elevated  together  with  the  weight  M, 
by  a  little  wing  (landing  out  from  the  upper  bale  of  the  Sand, 
To  that  being  hind  red  by  the  weight  M,  the  Sand  cannotjae 
wholly  turned  by  the  weights  Q^and  R,  notwithdanding  it  will 
remain  in  a  fite  not  altogether  perpendicular,  but  fomewhat 
inclined ;  and  the  weight  M  mud  be  io  proportioned  to  the 
weight  of  the  Clocks  and  alfo  to  the  weights  Qjtnd  R,  that  it 
may  be  detain'd  in  the  faid  inclined  fite,  untill  all  the  fand  be 
defeended  from  the  upper  glafs  A  into  the  lower  one  B,  and 
when  all  the  Sand  is  run  into  the  lower  glafs  B,  it  will  obtain 

greater 
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greater  weight,  that  therefore  while  the  Sand  endeavours  to 
be  placed  in  a  perpendicular  fire,  or  in  the  line  of  direction, 
the  weight  M  will  rife  higher,  and  at  once  will  free  the  little 
wing  O  from  the  little  arm  N  G,  from  whence  follows  the 
turning  of  the  Hour-glafs  by  means  of  the  weights  Q^R,  and 
the  lower  part  B  will  be  placed  in  the  upper  part,  and  will  be 
detained  by  the  little  arm  N  O,  by  means  of  the  little  flap  or 
wing  P,  untill  the  Sand  is  again  run  out  j  for  then  it  will  a- 
gain  be  turned  as  before,  and  fo  fucceflively  until  the  weights 
Q^and  R  are  quite  defcended  ;  but  becaufe  the  little  Cylinders 
C  E,  on  which  the  ropes  fuftaining,  the  weights  Q^R  are 
turn’d  about,  may  be  of  a  fmall  bignefs,  and  becaufe  after  eve¬ 
ry  hour  they  make  but  half  a  revolution,  it  appears  that  the 
motion  of  the  Clock  and  the  turnings  may  be  extended  to  ma¬ 
ny  hours. 

But  if  you  would  fit  an  index  to  (hew  the  hours,  that  you 
may  eafily  obtain  by  means  of  two  little  teeth,  fixt  on  the  end 
G  of  the  axis  G  H  and  oppofite  to  each  other,  which  fuccef¬ 
lively  and  by  turns  one  after  another,  every  turning  of  the 
Hour-glafs  will  move  forward  the  wheel  G  T,  furnifht  with  fo 
many  teeth  as  there  are  hours  deferibed  in  the  circle,  which 
may  be  noted  by  a  (landing  index  fixt  in  the  centre  of  the 
fame  wheel  j  but  if  in  like  manner  you  affix  an  hour  wheel  in  a 
convenient  place  to  the  fame  Engin,  which  may  be  moved  for¬ 
ward  by  means  of  fome  toothed  Tympane,  or  wheel,  by  the 
fame  axis,  you  may  caufe  the  number  of  hours  ter  be  heard  by 
(hiking  on  a  Bell. 

Many  other  ways  the  index  may  be  fitted  to  the  fame  En¬ 
gin,  and  the  (hiking  of  the  hours  may  be  made,  as  will  appear 
by  what  we  fhail  (hew  hereafter,  when  we  iliall  treat  of  the  in¬ 
dexes  of  Clocks,  and  their  (hiking. 

Problem,  XIV, 

A  Clock  moving  by  the  Confirmation  of  Oyl  in  a  Lamp, 

Fig,  !4P  AyC  Ake  a  Lamp  whofe  part  A  B  entertaining  the 
iVJL-  Oyl,  is  like  a  Column  or  Cylindrical,  (hut  dole 
every  where,  except  in  its  lowed  part  C,  vhere  the  Oyl  enters 
(lowly  through  a  little  opening  into  a  velfel  annexe  C  L,  while 
the  other  Oyl  is  corn  timed  by  the  flame  L  3  in  the  foremofipart 
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I  N  make  a  certain  channel,  and  folder  or  glue  it  to  the  fore- 
faid  Cylinder,  within  which  on  the  upper  part  make  a  fecret 
or  hidden  pulley  I,  with  an  axis  E  F,  prefenting  or  conveying 
on  the  outward  vifible  face  the  index  of  the  hours  defcribed  in 
the  circle  GH, 

Thefe  things  being  done,  put  Oyl  into  the  Lamp,  or  Cylin¬ 
der  A  B,  upon  which  let  a  cube  D  of  light  matter  ( as  Cork,  or 
Wood  )  fwim,  and  to  this  you  muft  fallen  a  thred,  or  cat-gut 
D  C  G  I  M,  vij.  that  it  may  defcend  from  the  upper  fuperficies 
of  the  Oyl  to  C,  and  being  put  about  the  little  puHfcs  C  C,  it 
may  afcend  to  I,  and  be.  folded  about  that  pulley;  and  laftly,  let 
the  other  end  M  fuftain  a  weight,  yet  of  lefs  gravity  than  to 
draw  downwards  the  cube  D,  which  muft  always  Swim  up¬ 
on  the  Oyl,  and  while  the  Oyl  confumes,  it  defcends  with 
the  Oyl,  and  draws  the  thred,  or  Cat-gut,  with  the  weight  M, 
and  turns  the  pulley  I,  together  with  the  hour  Index. 

Note,  That  the  magnitude  of  the  little  pulley  I,  muft  be  pro¬ 
portionate  with  the  defcent  of  the  Oyl,  and  of  the  cube  D , 
wherefore  we  muft  obferve  how  much  the  cube  defcends  in 
one  hour,  to  the  end  that  the  little  pulley  moving,  the  index 

I  may  be  moved  orderly.  ;  _ 

Moreover  the  receiver  muft  be  uniform,  and  of  one  thick- 
nefs,  and  muft  make  ufe  of  the  fame  number  of  rhreds  that  the 
Oyl  may  be  coniumed  uniformly,  and  the  Lamp  may  be  fill’d 
with  Oyl,  either  by  a  little  door,  or  wicker,  beneath  C,  or  by 
fome  hole  in  the  upper  bafe  of  the  Cylinder  A,  which  after¬ 
wards  muft  be  diligently  fenced  from  the  Air  entring  in  with 
a  Screw. 

If  the  axis  of  the  little  pulley  I  be  fo  fitted  within  the  Cy¬ 
linder  A  B,  that  its  end  F  ftick  out  on  the  out-fide  by  a  hole 
made  in  the  fame  Cylinder, and  turn  about  the  Index,  you  will 
obtain  the  fame  effetft  without  the  channel  on  the  exterior  part 
1  N,  which  is  made  to  caufe  the  artifice  to  feem  occult  and  mi- 
fteripusj  but  that  hole  muft  be  fo  fitted  to  the  movable  axis  with¬ 
in  it  E  F,  that  there  appear  no  admittance  for  air  into  the  Cy¬ 
linder  A  B,  for  if  there  be,  the  Oyl  will  wholly  defcend,  and 
be  poured  out  without  the  velfel  G  L. 

Alfo  the  index  of  the  hours  may  be  made  in  the  upper  bale 
A,  of  the  Cylinder  to  fit,  fo  that  the  bafe  it  felf  be  for  the 
hour  circle,  which  may  eafily  be  obtained  many  ways,  as  will 
appear  to  any  induftrious  Artificer. 
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Laftly ,  Befides  the  circle  and  the  hour  index,  there  may  be  ap¬ 
plied  a  toothed  wheel,  by  whole  means  the  hours  may  ftrike ; 
and  if  to  make  it  more  ingenioufly,  you  would  place  a  little 
Bell  within  the  Lamp  to  give  notice  of  the  hours,  you  mud 
folder  or  glue  an  open  tube  fpiraliy  to  both  ends  of  the  in¬ 
ward  fuperficies  of  a  concave  Cylinder,  defcending  about  the 
Cylinder  5  and  through  this  tube,  or  channel,  defcends  the  Oyl 
while  it  wafts  by  degrees,  and  a  globe  of  light  matter  fwim- 
ming  on  the  Oyl  within  the  tube  3  then  all  things  being  fo  fit¬ 
ted,  that  in  each  hour  the  motion  of  the  Globe  in  defcending, 
fiaifhes  one  whole  fpire,  and  then  it  hits  againft  a  peftle,  or 
fome  flap,  or  wing,  which  loofes  the  movable  wheel  from  the 
weight,  as  is  wont  to  be  done  in  common  Clocks  with  wheels, 
fo  after  the  finiftiing  of  each  fpace  of  the  fpires,  the  Globe 
unloofing  the  fame  wheel,  caufes  new  ftroaks  of  the  hours  on 
the  Bell. 

Problem.  XV. 

To  make  a  pulley  Clock ,  or  a  Clock  of  meer  putties  without 

any  toothed  wheels , 

Fig.  i4j.*npHis  artifice  is  propofed  by  Father  Schottus ,  lib.  9, 
1  Tecnic.  Cap.  10.  Prop.  47.  Let  there  be  (fays  he ) 
a  little  pulley  A  B  about  its  axis,  or  alfo  with  a  movable  axis, 
to  this  join  the  perpendicular  M  N  P,  by  the  artifice  in  Pro¬ 
blem  the  3d,  and  that  by  means  of  a  little  rod  M  A  j  from  the 
little  pulley  A  B,  fufpend  the  pulley  C  D,  by  means  of  a  per¬ 
petual  knotty  little  chord,  whether  thofe  knots  be  made  of 
firm  little  balls  difpofed  or  fixt  to  the  rope,  or  knots  made  by 
bending  the  chord  it  felf,  and  cavities  or  hollowings  of  equal 
fpace  from  one  another,  toanlwer  thefe  knots  in  each  pulley 
A  B  and  C  D  •  the  pulley  C  D  hath  in  its  axis  a  little  pulley  E 
F  made  faft,  from  whence  is  fufpended  in  the  fame  plain  man¬ 
ner  the  pulley  G  H ;  and  fo  henceforward  the  pulleys  may 
be  continued  as  many  as  are  needful!;  from  the  lower  pulley, 
'viz,,  to  the  little  pulley  I  K,  of  the  pulley  G  H,  hang  the  weight 
L,  fufficient  for  the  motion  of  the  pullies,  and  of  the  perpen¬ 
dicular  ;  all  the  axes  of  rhe  hanging  pullies  muft  be  moved  not 
within  a  firm  hole,  but  within  a  certain  flic,  or  notch,  cut  from 
the  top  to  the  bottom,  that  while  thofe  perpetual  chords  and 
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the  knots  are  contracted,  or  diftended,  the  axes  of  the  pullies 
may  be  raifed,  or  depreffed ;  the  reft  that  belongs  hereto,  as  tire 
proportions  of  the  pullies  to  each  other,  are  ealily  underftood 
from  what  is  faid  before,  all  thofe  pullies  being  agitated  by 
the  force  of  the  w'eight  L,  will  be  moved  circularly,  and  the 
perpendicular  N  P,  freely  moving  in  its  centre  or  point  offufpen- 
fion,  will  be  agitated  by  the  little  pulley  A  B,  and  the  little 
rod  A  M :  See  the  problem  before  cited,  and  the  other  ways  of 
applying  pendulums  to  Clocks  before  defcribed. 

According  to  the  Author,  the  Pullies  mull  be  fo  difpofed 
that  their  axes  move  within  the  flit,  or  notch,  and  that  caufes 
the  Engin  to  work  ill,  for  when  the  axes  gravitate  unequal¬ 
ly  front  the  other  Pullies,  or  from  the  weight  L  hung  to  the 
Pullies,  they  are  crooked  or  ftwry,  and  do  not  retain  an  hori¬ 
zontal  lite  as  they  ought  ;  wherefore  the  axes  fliould  rather 
be  put  into  firm  holes,  and  left  the  chords  be  fhrunk  or  ftretch- 
ecl  by  wet,  or  drought,  they  may  be  wove  of  metallic  threds, 
or  wyres ;  but  if  you  life  common  chords  the  axes  muft  be 
put  into  flits,  and  not  into  holes,  but  the  pulley  ropes  ought 
to  be  doubled,  and  the  weight  hung  to  the  lower  little  pul¬ 
ley,  to  wit,  to  the  axis  of  the  pulley  C  D,  another  little  pul¬ 
ley  equal  to  E  F  muft  be  fixt,  and  you  muft  anfwer  the  fame 
in  the  oppofite  face  of  the  pulley  ;  which  little  pulley  in  like- 
manner  with  another  perpetual  chord  muft  fuftain  the  lame 
pulley  G  H,  or  rather  another  altogether  like  it,  and  annext 
to  it :  Laftiy,  another  final!  pulley  like  to  I  K  muft  anfwer  on 
the  oppofite  face  ;  then  the  weight  L  will  be  parted  in  the 
middle,  and  will, be  fuftain’d  partly  by  the  little  pulley  IK, 
and  partly  by  the  other  oppofite. 


Problem.  XVI. 

7  o  render  the  motion  of  a  Pendulum  continual  fc 
or  eljo  whole  days. 


for  many  hours,. 
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Artifices  I  fhall  defcribe  in  this  place,  which  feem  to  me  moft 
meet  for  the  purpofe,  for  any  one  of  his  own  ingenuity  may 
take  occafion  to  think  of  others. 

Fig.  14,6.  Firft  then,  let  the  Pendulum  be  A  B,  to  which  at 
right  Angles  join  the  little  arm  A  C,  and  let  the  upper  wheel, 
or  toothed  Cylinder  be  D  E,  which  being  turn’d  about  draws 
with  it  another  little  arm  D  C,  made  fad  in  the  bafe  of  its  Cy¬ 
linder  near  the  circumference  being  round  in  the  middle,  and 
with  a  fmooth  pin,  fo  that  the  little  arm  may  be  freely  mo¬ 
ved  about  this  pin,  and  confequently  while  5tis  turn’d  about 
the  Cylinder,  or  wheel  D,  the  little  arm  D  C  may  be  deprefs’d.,, 
or  bore  down,  which  conjoin  in  C  with  another  little  arm, 
and  the  angle  C  being  inlarged  will  fuddainly  caufe  the  lance 
of  the  Pendulum  A  B  to  be  lifted  up,  which  is  join’d  in  A  to 
the  wood  I  L  from  whence  being  fufpended  his  detain’d,  but 
neverthelefs  it  freely  turns  about  the  fmooth  pin  A  faftned  to 
the  wood  ;  then  fomc  fufficient  weight  being  added  to  the 
lower  wheel  G,  from  this  motion  follows  the  motion  of  the 
wheel  above  it  F,  and  this  being  in  the  middle  (  as  it  is  wont 
to  be  in  Clocks  )  turns  about  the  uppermoft  wheel  E  D,  which 
drawing  with  it  the  little  arm  of  the  pendulum,  the  fame  im¬ 
prints  a  motion  to  the  pendulum,  as  long  as  there  is  new 
rope  which  fuftains  the  weight  annext  to  the  wheel  beneath, 
or  lowed  wheel. 

Note,  inftead  of  the  Cylinder,  or  little  wheel  DE,  you  may 
fit  a  toothed  Cylinder  having  a  crooked  handle,  which,  will 
lay  hold  on,  and  turn  about  the  little  arm  D  C,  luch  as  is  the 
Cylinder  M. 

Note  a Ifo,  by  how  much  Idler  the  proportion  of  the  diame¬ 
ter  of  the  little  wheel  D  fhall  be  to  the  arm  A  C,  fo  much  lef- 
fer  will  the  arches  be  that  are  defcribed  by  the  motion  of  the 
pendulum  A  B. 

Fig.  147.  In  the  fecond  place  let  the  pendulum  A  B  be 
movably  fixt  in  A,  in  its  lance  fallen  the  arm  M  G,  which  may 
eafily  run  fometimes  into  this,  fometimes  into  that  part,  and 
fuftain  it  parallel  to  the  horizon  ;  from  the  middle  part  of  the 
fame  arm  M  G  ftretch  out  wood  or  iron  like  a  little  fork,  or 
two  teeth,  made  hollow,  (ticking,  out  as  at  L,  which  in  its  ca¬ 
vity  or  cleft  admits  the  pulley  t  F,  immovable  and  in  an  ob¬ 
lique  (ire  put  into  the  axis  C  D  ,  let  this  kind  of  axis  be  fur- 
niftit  with  a  toothed  Cylinder,  which  will  be  turn’d  about  by 
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the  wheel  N,  by  means  of  the  weight  P  being  added  to  it,  or 
by  means  of  other  wheels,  as  you  pleafe  :  The  Engin  being: 
difpofed  in  this  manner,  while  the  axis  I  H  is  turn’d  about  of 
the  lower  wheel  ;  in  like  manner  the  middle  axis  C  D  is 
turn’d  about  by  the  toothed  Cylinder,  and  with  it  the  little 
pulley  E  F,  which  fince  it  obtains  an  oblique  fite,  it  can fes  the 
arm  G  M,  into  which  it  is  put  to  run  to  and  fro,  and  moves 
the  pendulum  A  B. 

Fig.  14.8.  Thirdly,  Suppofe  the  pendulum  D  B,  hanging 
from  the  arm  A  C,  immovably  fixt  in  C,  and  ler  the  lance  of 
the  pendulum  be  ilretcht  out  fomewbat  above  the  point  A, 
from  whence  ’tis  fufpended,  to  wit,  in  D  *  then  lit  the  axis 
E  F,  fuftain’d  in  the  middle  by  the  arm  F,  to  which  join  the 
toothed  Cylinder  L,  and  let  this  axis  be  ftretched  out  through 
the  hole  of  the  arm  F  towards  A.  Laftly,  in  the  extream  part 
of  it  near  A,  let  it  be  furnifht  with  a  concave  Cylinder,  and 
being  cut  oblique,  fo  that  the  fedhion  G  D  make  an  Elliptic  fi¬ 
gure  ,  the  Point  A  from  whence  the  lance  of  the  pendulum  is 
fufpended,  mud  be  in  the  fame  horizontal  right  line  with  the 
axis  E  F,  and  with  the  arm  A  C  ;  moreover  it  ought  to  be 
precifely  in  the  centre  of  the  fame  fedtion  G  D,  although 
hecaufe  of  the  cavity  of  the  Cylinder  the  point  of  hanging  re¬ 
mains  free  in  the  air.  * 

Then  while  the  toothed  Cylinder  L  is  turn’d  round  together 
with  the  axis  E  F,  the  Cylinder  D  G  is  turn’d  all  under  one, 
whole  extream  or  end  being  an  oblique  Sedlion,  hitting  again# 
the  lance  of  the  Pendulum  it  unites  a  motion  like  to  the  pre¬ 
cedent. 


Fig.  149-.  Fourthly,  let  the  Pendulum  be  A  B,  whofe  axis 
A  C  carries  with  it  two  toothed  Cylinders  D  and  E,  which  in 
like  manner  here  and  there,  lay  hold  on  the  toothed  wheel 
D  E,  but  with  interrupted  teeth,  fo  that  while  one  Cylinder 
lays  hold  on  the  wrheel  on  one  part,  the  other  Cylinder  lyes 
upon  the  oppofite  part  of  the  wheel  which  wants  teeth,  and 
therefore  the  whole  wheel  ought  to  be  divided  into  many  rows 
of  teeth  in  an  odd  number,  and  ’tis  convenient  to  make  each 
row  of  three  teeth,  and  between  one  and  the  other  row,  a 
fpaee  of  teeth  left  vacant,  as  much  as  is  occupied  by  three 
teeth ;  fo  as  often  as  the  weight  fhall  be  hung  to  the  lower 
wheel  H  K,  this  being  turn’d  about,  will  move  the  toothed 
Cylinder  P,  which  being  in  the  middle,  will  move  the  fore- 
A  ‘  faid 
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faid  toothed  wheel,  which  biting  the  toothed  Cylinders  D,  E, 
one  after  another,  fomtimes  on  one,  fomtimes  on  the  other 
oppofit  part,  will  move  in  like  manner  the  pendulum  A  B  al¬ 
ternately. 

And  as  in  the  forefaid  Engtns,  each  vibration  of  the  pendu¬ 
lum  is  made  in  a  determined  part  of  time  3  to  wit,  in  one  fecond 
minute,  or  in  20  third  minute,  &c.  the  proportion  of  the  wheels 
and  of  their  teeth  mud  becbfervcd*  as  in  this  lad  Engin,  if  w  e 
would  compofe  each  vibration  of  the  pendulum  to  anlwer  one 
fecond  minute  j  in  the  wheel  D  E,  difpoie  25  rows  of  teeth 
with  as  many  vacant  fpaces  between,  the  Cylinder  F  mud  be 
furnifht  with  8  teeth,  the  wheel  H  K  mud  have  96  teeth,  the 
Cylinder  G  likewife  confids  of  8  teeth,  beneath  which  will  be 
another  wheel  of  96  teeth,  to  which  hang  a  weight ;  for  in  this 
manner  3600  compound  vibrations  will  be  made  in  each  hour, 
each  whereof  will  be  equal  to  one  fecond  minute  ;  then  make 
fit  the  weight  hung  to  the  lowermoft  wheel,  with  the  length 
and  weight  of  the  pendulum  A  B,  in  fuch  manner,  that  the 
lower  wheel  be  once  turn'd  about  in  an  hour  precifely,  for  fo 
it  will  come  to  pafs  that  the  Cylinder  G  will  be  turned  1 2  turns, 
and  the  Cylinder  F,  together  with  the  wheel  D  E  144.  turns, 
and  at  lad  the  pendulum  will  finifh  3600  compound  vibra¬ 
tions. 

Indead  of  the  wheel  D  E  of  difcontinued  teeth,  you  may 
ufe  a  toothed  wheel  common  to  Clocks,  if  indead  of  the  Cy¬ 
linder  of  teeth,  laying  hold  on  it,  you  tife  two  little  handles, 
which  by  turns  tfiall  urge  and  move  forward  thofe  teeth  of  the 
wheel,  by  laying  hold  of  them. 

Inventions  of  this  kind  are  excellent,  not  only  in  being  fer- 
viceable  in  continuing  the  motion  of  the  pendulum,  but  alfo 
in  making  of  Clocks  mod  exadt  as  is  obvious  to  every  confide- 
rate  perfon ;  which  Engins  or  Clocks  have  this  utility  and  con- 
veniency,  that  they  fcarce  make  any  noife  in  their  motion, 
fince  the  pendulum  is  indead  of  a  Ballance,  which  in  common 
Clacks  cannot  agitate  without  noife. 


Problem 
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Problem.  XVIL 

To  make  a  Clock  to  fhew  the  hours  on  both  jides ,  u  mr 

method ,  which  by  a  weight  hung  to  either  of  its  Jides  pro - 
fecutes  its  courfe ,  uW  the  index  of  the  Clock  proceeds  for¬ 
ward  in  both  motions  confe.quently. 

THe  Author  before  cited  teaches  this  Artifice :  See  the  laft 
Figure  of  the  preceeding  Problem,  where  we  have  taught 
the  method  of  continuing  the  vibrations  of  a  Pendulum  3  for  if 
you  rightly  underftand  the  conftruftiqn  of  the  Artifice  of  this 
Engin,  *tis  manifeft  from  thence,  that  if,  while  the  perpendicu¬ 
lar  A  B  is  agitated,  the  wrheel  K  H  fuddenly  changes  its  turn¬ 
ing  about  to  the  oppofite  part,  that  is,  it  begins  to  move  to  the 
right  hand,  when  before  it  moved  to  the  left  hand,  the  moti¬ 
on  neverthelefs  of  the  perpendicular  will  in  no  wife  be  bin- 
dred  3  becaufe  that  in  whatfoever  place  of  its  arch,  the  per¬ 
pendicular  A  B  lays  hold  on  unawares  from  its  firft  acquired 
impetus i  it  will  continue  the  fame  vibration  3  but  for  the  follow¬ 
ing  vibration,  ir  will  have  the  favoring  impulfe  to  it  lelf,  for  as 
much  as  the  parity  of  the  reft  is  the  motion  inftituted  by  the 
wheels  in  this,  or  that  part. 

The  fame  may  be  obtained  other  ways,  as  is  explained  in  the 
foregoing  Problem,  but  chiefly  by  -  the  Figures  146  and  148,  but 
yet  eafier  by  application  of  a  Pendulum, which  we  have  taught  at 
Problem  5  3  it  only  remains  then  that  an  index  be  applied  fo, 
that  although  the  turning  of  the  wheels  be  made  on  the,oppofit 
parr,  yet  it  always  proceeds. forward  in  the  fame  part. 

Fig.  15 o.  Let  the  axis  A  B  be  continually  movable  toge¬ 
ther,  with  the  toothed  Tympane  B,  firmly  adhearing  to  the  ax¬ 
is,  which  forces  the  wheels  of  the  Clock  on  both  fides  to  this, 
or  that  part. 

In  the  firft  place,  fix  on  the  fame  axis,  two  wheels  with  fin¬ 
gers,  or  claws,  within  which  fmooth  holes  being  bored  in  the 
centre,  and  the  axis  being  fmooth  will  move  freely  3  moreover 
pat  upon  the  axis  two  other  Cylinders  G  H,  and  I  K,  with 
faw-like  teeth  or  jags,  each  whereof  muft  be  firmly  put  into 
the  axis,  and  rurnable  together  with  it,  the  jags  of  thele  wheels 
bend  to  theoppofit  parts,  and  are  ftifned  in  the  oppoiic  pares  by 
wedges, or  little  peftles  C  G,  El,  each  of  which  is  furnifht  with 
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a  little  prelling  wing  in  prefling  its  power,  that  the  pins  bend¬ 
ing  forward  to  the  Jags,  admit  the  motion  without  much  re- 
iiftance,  and  thefe  pins  are  conveyed  by  the  finger’d  wheels 
C  D,  and  E  F,  to  which  are  fixt  fmooth  little  pins  holding 
them  at  liberty ;  laftly,  to  the  two  finger’d  wheels,  there  mull 
be  added  a  third  C  E  movable  with  the  axis  L  M,  and  its  fin¬ 
gers  folding  in  both  the  fingers  of  the  wheels  C  D  and  E  F,  it 
may  be  expedient  that  the  wheel  C  E  referrs  to  another  lire, 
to  wit,  vertical,  (  if  neceflity  require  it )  the  circle  of  the  wheel 
being  put  in  points  defigned. 

Therefore  the  Tympane  B  with  the  axis  and  jag  wheels  G 
H,  I  K  fixt  in  it,  are  turn’d  in  either  part,  for  prefentiy  either 
of  the  jag  wheels  will  be  bound  by  its  bar  or  pin,  and  render 
its  finger  as  it  were  continual,  which  wflth  the  axis  leads  it 
with  it  felf,  and  the  w  heel  C  E  together ;  and  becaufe  this  in¬ 
folds  its  fingers  with  the  other  wheels,  it  impells  it  but  in  the  op- 
polit  part, in  which  its  bar  or  pefile  hinders  nor,  in  as  much  as  the 
oppolit  jags,  holding  the  former  and  admitting  the  motion  on 
that  part  j  now7  if  the  Tympane  B  change  its  turning  to  the 
oppofir,  then  that  which  wras  firA  hind  red  by  the  pefile  or  bar 
will  be  loofed,  but  that  which  was  loofe  lays  hold  on  his  lag¬ 
ged  wheel,  wdiich  then  firfi  begins  to  move  in  the  fame  part, 
in  which  his  finger’d  wheel  moved  before,  and  fince  the  fin¬ 
ger’d  motion  is  the  fame  now  as  before,  becaufe  continued  in 
the  fame  part,  therefore  the  motion  will  be  continued,  and  the 
half  of  the  Fingers  GE  j  to  which  therefore  an  hour  index  be¬ 
ing  fitted,  will  always  move  forward  into  the  fame  part  whh 
therfoever  the  Tympane  B  with  the  whole  Dial  is  carried. 

Note,  Firfi,  That  the  wheel  CE  advancing  ahvays  in  this  or 
that  part,  depends  on  the  jaggs  or  faw-like  teeth,  reciprocally 
inclining,  and  turning  towards  this  or  that  part,  whence  if 
the  fire  of  both  of  them  be  changed  by  inverting  both  the  jag 
wheels,  and  the  other  face  being  applyed  to  its  finger’d  wheel 
( the  peftles  or  bars  of  the  Jags  being  alfo  changed  )  the  moti¬ 
on  of  the  wheel  C  E  will  be  iikewife  changed. 

Secondly,  if  the  wheel  C  E  be  led  about  by  the  hand  in  that 
part  in  which  it  was  firfi  impelled  by  the  fingers  G  D,  and  E 
1%  both  thofe  fingers  will  be  moved,  but  the  axis  with  the  faw- 
like  teeth  wheel,  refteth  by  force  of  this  Gonftrudiion  if  no¬ 
thing  elfe  hinders,  and  may  in  the  interim  be  turned  in  this  or 
that  parr*  while  kisnor  moved  fooner  than  the  axis  L  M. 

F  f  Thirdly, 
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Thirdly,  but  if  you  will  lead  about  the  wheel  C  E  by  the  hand 
in  the  oppolite  parr, and  not  in  it  which  it  was  decreed  to  move, 
no  motion  at  all  will  follow, but  the  whole  fyftem  will  be  firm, 
and  will  flick,  fo  that  the  refiftance  of  the  hand  detaining  the 
wheel  exceedeth,  his  necefiary  to  apply  a  proportionate  pow¬ 
er  to  the  tympane  B  on  each  part  of  it,  which  is  no  lefs  a  Pa¬ 
radox  than  the  former ;  this  conftrudtion  extends  it  felf  to  ma¬ 
ny  other  Problems  of  motion,  as  the  deducing  the  librating  mo¬ 
tion  into  Circular,  to  the  recalling  whatfoever  irregular  motion; 
to  a  well  order’d  Circular,  &c.  as.  will  appear  in  what  follows. 

Problem.  XVIII. 

the  Hydraulic  Clock  of  Father  Bettinus. 

THis  kind  of  Clock  is  indeed  very  ingenious,  and  the  in¬ 
vention  of  Father  Bettinus ,  and  afterwards-,  increaft  and. 
enlarged  in  many  things  by  Father  Efehinardus ,  of  whofe  work 
alio  I  have  often  obferved  not.  without  great  pleafure  of  mind, 
the  like  Engin  made  in  the  Roman  College,  which  performed 
the  effefi:  belt  of  any  :  Therefore  left  our  work  ft  on  Id  want 
ionrewhat  of  thofe  things  which  fcent  rnoft  of  Ingenuity,  we 
have  tranflated  this  from  Bettinus, 

The  outward  Artifice  of  the  Hour  Tympane  , 

Rig.  ,-i.  You  fee  the  exprefs  form  of  the  Tympane  con¬ 
veyed  from  the  axis  through  the  centre,  whole  apparent  Pole 
is  B,  and  the  other  pole  not  apparent,  and  of  the  chord  I  K  L 
MNP,  whofe  two  ends  are  fixt  in  I,  and  the  little  pulley  K 
(  if  you  pleafe  of  Bra  is  )  with  a  fmall  weight  ftietching  out  the 
rope  lightly,  that  beyond  L  it  adheres  about  the  occult  pole: 
But  the3 great  weight  under  the  pulley  N  while  the  rope  en¬ 
deavours  to  draw  the  chafed  axis,  and  as  it  were  toothed,  af¬ 
terwards  moves  the  Tympane  together  with  the  Tympane  ano 
the  number  4  afcends,  and  after  the  Tympane  movable  pieces 
either  of  wood  or  iron  toothed,  whole  form  and  art  we  wi<« 
ihew  hereafter,  and  feme  fuch  you  fee  Q^,  R,  while  they  hit 
agairift  the  movable  and  changing  plate  of  mettal  S,  it  eon* 
nefts  the  handles  T  V  X,  being  drawn  together  they  raile  the 
fit  tic  hammer  on  the  lide  of  the  little  Bell  Y  to  lurne  the 


hours... 


The 
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The  art  of  changing  the  numbers  in  the  hole,  where  4,  as 
it  were,  lies  hid  under  the  circular  plane,  as  alfo  the  art  of  fee- 
ting  at  liberty  the  teeth  under  the  plane  of  the  oppofite  Tym- 
pane,  we  will  fhew  hereafter. 

Sett,  IL 

. 

The  inward  artifice  of  the  Tympane . 

Fig.  /~'\Ne  of  the  circular  planes  being  drawn  afide  the  Tym- 
•I  52.V-X  pane  immediately  Ihuts,  and  that  on  the  other  part  o- 
pens, as  you  fee  in  the  figure  annext 3  behold  there  appears  to  you 
the  fuperficies  of  two  concentric  cylinders  ABC,  DEF  with¬ 
in  the  Tympane,  within  the  concave  of  the  lefler  the  flays  or 
props  are  G,  H,  in  whofe  holes  the  axis  of  the  Tympane  is  pur, 
within  the  convex  of  the  lefler,  and  the  concave  of  the  grea¬ 
ter  is  the  plane  K,  which  is  join’d  to  the  cylindric  fuperficies, 
and  to  the  circular  planes  fhutting  the  Tympane  3  through  the 
little  hole  I  of  the  final!  plane  I  K  pafles  water  to  run,  when 
the  Engin  is  moved  by  force  of  the  weight,  and  defeending  in 
C,  the  water  is  preft  by  the  plane  K I. 

Therefore  while  the  rope  about  the  little  toothed  wrheel,  af¬ 
ter  H  by  the  force  of  the  weight  weighing  dowTn  to  the  parts 
beholding  the  left  hand  as  F  E,  thruft  through  G,  FI  turns  the 
axis  together  with  the  Engin,  and  the  plane  K  I  defeends  and 
hits  againft  the  water,  and  prefles  it  towards  the  parts  behold¬ 
ing  the  right  hand  as  M  A  3  in  the  mean  while  the  water 
trickles  down  through  the  hole,  and  by  little  and  little  the 
plane  KI  intercepts  the  middle  between  the  water,  until  the 
water  running  between  more  and  more  through  the  hole  I, 
and  the  plane  K  I  afeending  to  the  parts  towards  A  D  (  or  be¬ 
holding  the  right  hand  )  moil  part  of  the  water  which  flows 
beneath  the  plane  increafes  the  force  of  the  weight  hanging  a- 
bout  the  axis  H,  and  caufeth  the  plane  K  1  which  now  is  idle 
in  the  parts  A  D  with  a  little  water  (  which  it  hath  not  as  yet 
deeply  flowing  above  it  felf )  at  length  ’tis  turn’d  by  A  D  with 
a  fwifter  motion  towards  C  (  or  to  the  parts  beholding  the  left 
hand  )  and  from  thence  it  defeends  again  and  the  water  pref- 
feth,  which  again  flows  through  the  hole,  &c.  and  fo  perpetu¬ 
ally  by  turns  the  Engin  is  turned,  the  Orb  compleating  a  rotation 
once  in  each  hour. 

F  f  z  The 
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The  art  is,  that  the  dropping  of  the.  water  continue,  an  whole 
hour,  whiles  that  after  a  flow  and  infenfible  motion  of  the  En- 
gin  for  an  hour,  unexpectedly  the  Engin  turns,  in  the  begin¬ 
ning  of  the  dropping  j  in  which  revolution  the  hour  is  ftruck 
on  the  back  part  of  the  Tympane,  but  in  the  forepart  the  note 
or  figure  /hewing  the  hour  on  the  dial  plate  is  changed. 

Sett..  IIL 

An  eajy  and  moji  ingenious  Art ;  whereby  the  number  of  hours 
are  always  changed,  and  alfo  the  hours  are  ft  ruck  in  the 
hour  Tympane  without  the  artifice  of  other  vulgar  movers,-.. 

Fig,  r-pHE  invention  of  which,  flunking  and  changing- you 
153.  1  fhall  have  here  in  a  double  figure  :  And  firft,  that 
which  belongs  to  the  changing  of  the  numbers  /hewing  the 
hours  j  fuppoie  on  the  fore  part  of  the  fhut  Tympane,  the  plane : 
to  be  drawn  afide  with  the  incloied  little  boards. 

The  circle  ABCD  expofes  to  the  eye  that  plane  on  the  fore 
part,  to  which  is  affixt  in  E  and  F  the  Hexagon  plane,  leflened 
in  on  fide  P  Qja  half  part  of  one  of  the  other  fides  3  and  that 
Exagon  is  the  excentric  to  the  circle  ABCD,  having  a  hole  G 
common  with  the  circle  (  which  is.  the  centre  of  the  circle, ) 
in  which  the  axis  of  the  Tympane  is  conveyed;  through.  The 
hole  under,  A  is  that*  under  which  the  number  of  the  hour 
Indexes  appear  on  the  other  part  in  the  little  boards,  which 
mufi  be  noted  in  the  hinder  part  of  the  little  boards,  but  in 
the  figure  for  plainnefs  they  are  noted  in  the  face  apparent  to 
rhe  eye g  you  fee  thofe  little  boards  joined  to  little  thin  plates 
ofmettakwdth  corners,  the  ends  whereof  aro  movable  about: 
the  fixe  little  pins  within  the  little  boards. 

The  outward  form  of  the  art  you.have  in  the  feperate  H,  and  at 
I  and  K  j  imagine  then  the  little  board  H  to  he  in  his  place  be¬ 
tween  I  K,  and  to  (land  upon  the  fide  P  Qi  which  is  on  I  v  fit  to 
receive. one  little  board,  the  other  fides  being  large  enough  for 
two,  as  you  fee- in  the  Figure  y  then  while  H  between.  IK 
fl lews  the  number  (which  you  muft  conceive  on  the. other  part )  . 
of  the  fir  ft;  hour  through  the  hole  A,  and  the  circle  AB  C  D  is 
turned  with  the  Tympane  (lowly, fuppofe  towards  A,  the  little 
boards  7,  8  fit  themfelves  to  the  fide  ML,  and  6,  5,  to  the 
fide  LR,  4,  3,  to  the  fide  R  and.  by  reafon  of  the  obliqui- 
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ty,  the.lktle  board  H  being  removed  from  the  fide  P  QT,  in  its 
place  fucceeds  2,  and  fhews  it  felf  under  a  form.  Moreover  H 
and  12  fit  themfeivesto  the  fide  P  N,  1 1  and  10,  to  the  fide 
MN;  9  and  8,  hang  down  beneath  L  M,  and  8  fucceeds  in 
the  place  of  the  middle  7  hanging  down,  &c.  and  three  always 
hang  down  without,  and  beneath  one  fide  as  you  fee  6,  7,  8, 
beneath  M  L  ;  and  by  this  ingenious,  eafy,  fimple,  and  won¬ 
derful  art  the  little  boards  change  by  turns,  and  one  after  ano¬ 
ther  they  fhew  the  hours,  the  number  of  hours  being  infcribed  . 
under  an  open  bright  hole. 

Fig.  i  £4.  But  that  which  belongs  to  the  finking  of  the 
hours  is  thus  j  fuppofe  on  the  back  part  of  the  fhut  Tympane, 
the  plane  being  drawn  afide  with  the  inclofed  toothed  little 
boards,  that  plane  on  the  inner  part  expofed  to  the  eye  is  repre- 
fented  by  the  circle  ST,  to  which  is  affixt  in  V  X  a  pentago¬ 
nal  plane  excentric  in  the  circle  S  T,  having  a  common  fquare 
hole  (  which  is  the-  centre  of  the  circle  )  in  which  the  axis  of 
the  Tympane  is  put  through  ;  there  are  6  little  boards  quadran¬ 
gular  with  teeth  (  according  to  the  number  of  hours  to  be 
Sruck)  having  bales  fomewhat  lefs  than  the  fides  of  the  Penta¬ 
gon,  and  they  are  made  fall  by  the  corners  with  thin  plates  of 
mettal  movable  about  the  ends  as  you  lee  in  the  Figure,  and  as  is 
done  in  the  little  boards  of  the  hour  indices  in  the  antecedent 
circle. 

That  you  may  underftand  the  form  and  art  the  better,  you  * 
have  fet  a  part  Z,  fuppofe  the  thin  plate  (  by  whofe  impulfe 
the  little  hammer  is  led  to  ftrike  the  hours  )  to  bein^,  and  the 
circle  in  the  Tympane  to  be  turn'd  from  S  towards  a  T,  the  lit- 
lit  board  B  with  6  teeth  or  claws  finking  againft  in  a,  founds 
fix  tinklings  on  the  bell  for  the  hours,  and  prefently  falls  down 
beneath  a  \  then  B  being  oblique  to  the  parts  T*  the  little  board 
d  fits  it  felf  to  the  fide  e,  and  fo  of  the  reft  in  the  Orb,  as  is  . 
laid  before  of  the  little  boards  of  the  hour  Indexes. ... 

And  it  muft  be  noted  and  effe&ed,  that  the  little  boards - 
with  teeth  of  the  circle  S  T,  fo  agree  with  the  little  boards  of 
the  Circle  B  D  of  the  antecedent  figure,  that  they  ftrike  the 
hour,  which  is  prefently  ftiown  under  the  hole,  the  number . 
of  the  little  board  in  the  circle  B  D  being  changed. 

Alfo  you  muft  take  care  that  the  hour  plate  infcribed  in  the  * 
firft  Figure,  Sdiion  the  Firft,  be  diametrically  oppolit  to  the 
plane  K  I  of  the  figure  in  Sdiion  the  fecond,  through  the  hole 

/  .  '  of - 


t  tj  Mechanic 4,  Powers .  Book  IX. 

of  whole  plane  th*  water  trickles  down  ;  and  let  the  fame  hour 
plate  be  oppdfite  to  the  little  toothed  board  ftriking  the  hour 
(  not  fhew’d  in  the  plate  )  of  the  next  following  number,  fo 
that  when  the  Alining  hour  eye  is  below  the  Horizon  of  the 
hours  Diametrically  oppofit  to  the  little  Bell,  and  in  that  eye 
they  number  of  the  hour  is  changed,  in  the  fame  moment  the 
toothed  little  board  ftrikes  the  hour,  which  being  changed  the 
hour  immediately  appears  above  the  Horizon. 

About  the  hole  I,  in  the  plane  K  I,  through  which  the  wa¬ 
ter  flows  on  both  parts  above  and  beneath  the  plane  K  I,  in 
the  back  convex  of  the  Engin  are  two  broad  holes,  through 
which  the  water  is  poured  into  the  Tympane,  and  when 
need  requires  is  prefently  all  taken  out,  and  through  the  fame 
holes  appears  the  lefier  hole  I,  in  the  plane  K  I,  that  it  may  be 
lookt  after  ifany  thing  hinders  the  running  ofthe  water  through 
that  little  hole,  and  thofe  two  greater  holes  on  the  back  part 
ofthe  Tympame,  may  eafily  be  fhut  and  open’d  by  two  brafs 
thin  plates  affixt  with  was,  or  other  fit  glue. 

And  becaufe  in  the  beginning  of  the  hours  the  Tympane  is 
turned  flower,  afterwards  always  fwifrer,  becaufe  of  a  leffer  re- 
liftance  of  Water,  therefore  in  one  of  the  circular  planes  /hut¬ 
ting  the  Tympane  is  put  a  thin  plate  of  lead  in  manner  of  an 
hook,  decrealing  by  little  and  little,  &c. 

§e&.  IV- 

Qlfervations  of  Father  Efchinard,  to  he  pratt  ifed  in  making 
the  forefaid  Engin * 

THis  Author  learned  in  Experiments  advifes  in  the  firft  place, 
that  the  Tympane  be  divided  in  four  equal  parts  by  Pa¬ 
rallelograms  of  thin  plates  of  metral,  one  whereof  ought  to  be 
boated  through  with  a  fmall  hole,  as  is  faid,  but  each  of  the 
reft  are  to  be  boared  with  a  double  hole  much  greater,  one 
near  the  fafcia,  the  other  near  the  inward  axis  of  the  Tym¬ 
pane  ;  for  hence  it  will  come  to  pafs,  that  after  the  water 
hath  paft  through  by  the  fmall  hole  in  an  hours  time,  then 
having  obtain’d  a  freer  paflage,  it  permits  the  veffel^  to  be 
turn’d  about  with  a  fwifter  motion,  that  in  the  interim  the 
hour  may  be  /hown  by  a  fign  of  the  little  Bell,  or  the  next 
el!apft>  or  the  next  to  come  5  for  unlefs  the  other  thin  plates 

are 
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are  made  with  greater  holes,  the  Tympane  will  rather  return 
than  run  forward  3  wherefore  like  wife  an  inftrument  may  be 
made  divers  ways  for  ftriking  the  bell,  to  wit,  by  making  it  fa 
that  thofe  points  take  up  fomewhat  in  their  fwifter  motion  af¬ 
ter  the  manner  of  a  Leaver,  as  is  wont  to  be  done  in  large 
Clocks  with  wheels,  one  end  of  which  Leaver  while  it  fails 
down  draws  the  thred  to  it  (elf,  and  raifes  the  hammer  3  alfo 
ffiarp  points  fixt  to  the  tables  may  be  fo  faftned  to  the  hinder 
fuperficies  of  the  tables,  that  they  may  direflly  behold  the 
Tympane,  as  alfo  the  centre  of  the  Pentagon  may  be  other- 
wife  taken,  &c. 

Secondly ,  The  iron  plates  being  waffit  over  with  tin,  corrupt 
presently,  unlefs  it  be  fenced  by  fome  Sandarac,  or  varniih,  fit 
for  the  bufinefs  j  Copper  cover’d  over  with  tin,  or  tin  only  of 
it  felf,  fo  that  it  be  very  thin,  is  bed  of  all. 

Thirdly ,  Beware  left  the  place  of  the  fmall  hole  be  fo,  that 
after  fome  time  the  magnitude  of  the  hole  be  changed. 

Fourthly ,  The  Tympane  mud  be  \  of  one  Palm  at  lead, 
both  in  length  and  breadth,  for  if  it  be  lefs  it  will  not  fucceed 
fo  welk 

Fifthly ,  The  mod  fit  water  he  takes  to  be  rain  water  diddl'd, 
but  if  the  veffel  be  made  of  glafs,  hot  water  will  be  better  3 
and  the  quantity  of  water  ought  not  to  fill  much  lefs  than  half 
the  Tympane,  but  efpecially  it  ought  not  to  come  to  the  inner 
axis,  wherefore  that  axis  will  be  the  better,  if  it  be  made  as 
fmall  as  poffible  3  the  other  things  to  be  com paredr with  one  a- 
n other  are,  the  fittlenefs  of  the  hole,  the  quantity  of  water, 
and  the  force  of  weight  3  but  chiefly  you  ought  to  take  care 
fell  that  hole  be  ftopt,  which  ought  to  be  at  lead  as  big  as 
one  arch. 

Sixthly ,  He  denies  that  the  thing  may  be  done  with  Quick- 
filver  indead  of  water,  both  becaufe  it  requires  a  greater  hole 
to  flow  out  at,  and  therefore  alfo  a  greater  Tympane,  as  alfo 
becaufe  it  will  pafs  out  mod  heavily  3  ladly,  becaufe  all  mettal 
corrodes,  and  therefore  the  Tympane  ought  to  be  glafs,  which 
will  be  difficult  to  be  made:  Alfo  he  denies  dud,  or  fand,  to 
be  fit  for  that  fervice,  fince  it  ought  to  pafs  through  a  fmall 
hole  by  being  compreft  in  the  middle,  which  is  done  by  thofe 
thin  plates  of  mettal,  which  cannot  be  obtain’d  by  dud ;  He 
concludes,  if  any  Liquor  be  found  in  which  heat  and  cold  doth 
not  govern,  that  is  mod  fit,  fo  it  doth  not  corrupt  the  matter  of 
the  Tympane,  Seve/u 
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Seventhly,  lie  afferts  another  fuch  like  Engin  of  his  own  com- 
poling,  wherein  he  hath  made  a  perflft  Hexagon  in  the  axis 
for  the  Pentagon,  and  about  it  feven  Tables  are  gathered  to¬ 
gether  in  the  fame  manner  as  above,  every  one  of  which  bears 
before  it  one  of  the  feven  Planets .  defcribed  with  its  proper 
Cha rafter.  La ftiy,  in  the  foremoft  face  appears  a  circular  thin 
plate  of  rnettal,  but  that  for  one  circular  hole  it  hath  fix,  each 
being  defer ibed  upon  with  fome  coeleftial  Sign,  beginning, 
viz,,  'from  Aries  j  then  while  the  axis  is  turn'd  about  the 
Planets  are  moved  to  the  Weft,  but  fo,  that  in  every  cir¬ 
cumvolution  they  go  back  to  another  Sign  placed  after  it  in 

due  order.  t 

Eighthly ,  He  teaches  in  what  manner  one  Tympane,  io  it  De 

large,  may  fuffice  for  ftriking  the  quarters  of  hours  .  •  fays  he, 
make  a  Velfei,  which  divide  in  4  parts  by  4  thin  plates,  and 
then  divide  it  again,  but  in  a  contrary  manner,  that  is,  let  it 
be  cut  by  the  plates  in  the  Seftion  which  makes  a  circie,  and 
take  away,  as  it  wrere,  j-  part  of  the  veffel,  whence  there  wh! 
be,  as  it  w7ere,  two  Veftels  in  the  manner  of  one,  then  either  of 
thefe  will  be  divided  in  4  parts  j  the  plates  which  divide  the 
ieifer  Veffel  ought, all  to-be  double. in  a. place,  to  wit,  nigh  the 
fafeia,  and  nigh  the  axis,  to  be  opened  with  large  holes,  and 
the  plates  of  the  greater  veffel  are  beared  double  in  a  place, 
but  with  an  unlike  hole,  to  wit,  one  nigh  the  Fafeia  very 
fmall,  and  the  other  the  axis  much  greater  j  for  this  is  need- 
lary  to  communicate  the  air  to  every  part  of  the  Velld,  other- 
wife  the  water  will  not  pafs  freely  through  the  imall  hole  j 
laftly,  put  the  water  in  fo  to  the  Idler  veffel  the t  it  may7  almoft 
touch  the  axis,  but  in  the  greater  -veffel  as  little  as  pay  3  be  lor 
hence  it  comes  to  pafs,  that  when  all  the  water  in  the  giea- 
ter  Veffel  fhall  pafs  through  the  firft  fmall  hole,  befoie  that 
(  fince  Tis  but  little  )  the  impediment  of  the  fecond  thin  plates 
hinders,  in  the  mean  while  the  Clock  will  be  moved  iwiftei, 
but  becaufe  this  way  it  rather  returns  than  goes  roiwaicj, 
therefore  ’tis  reftrained  by  the  water  put  in  the  Idler  Ve  el, 
which  in  the  interim  paffes  through  the  great  hole  5  then 
while  the  Clock,  in  this  manner  is  moved,  alter  eveiy  quar¬ 
ter  of  an  hour  it  (hikes  on  the  little  Bells  the  number  or  quar¬ 
ters  elapft.  „  ,  .  .  , 

Note  this  one  thing  diligently,  viz,,  left  that  flow  motion  be 

too  ftiQiTj  as  pot  to  fuffice  for  the  ftriking  or  the  Belts  as  often 
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as  is  required ;  alfo  note,  that  hence  it  neceffarily  happens, 
that  the  outer  face  of  the  Clock  is  a  little  changed  ;  for  orher- 
wifeitwiil  follow,  that  in  the  middle  of  the  fecond  hour,  the 
number  of  the  hour  appears  not  longer,  which  evil  we  may  ea- 
fily  cure  many  ways. 

Hence  he  concludes,  that  this  fecond  divifion  of  the  Tympane 
may  alfo  diftinguifh  the  Tympane  forfo  many  hours,  for  hence, 
fays  he,  proceeds  great  benefit,  for  you  may  as  you  pleafe  make 
the  motion  more  or  lefs  flower  for  ftriking  the  beIl,x>/&.  if  you  put 
more  or  lefs  water  into  the  lefler  veflel,  although  you  leave 
the  greater  vefiel  untoucht  3  but  in  this  cafe  his  fufficient,  if 
the  greater  vefiel  only  be  divided  with  fo  many  thin  plates  • 
for  the  other  plates  are  put  only  to  refrain  the  too  flow  mo¬ 
tion,  as  is  faid  before. 

Ninthly ,  Becaufe  thofe  things  which  are  faid  feem  not  fit  to 
the  f liking  of  greater  Bells,  three  veflels  are  to  be  made  in 
this  manner  :  Two  of  them  muft  be  divided  into  4  parts  in  the 
main,  as  is  faid  of  the  lefler  vefiel  for  the  quarter  hours,  the 
third  muft  be  alfo  divided  into  4  parts,  but  the  fame  altoge¬ 
ther  after  the  manner  of  the  greater  vefiel  for  the  quarters  ; 
the  water  in  the  firft  two  veflels  is  put  in  as  you  pleafe,  but 
the  fame  muft  be  obferved  as  in  the  lefler  vefiel  for  the  Quar¬ 
ters  3  and  in  the  third  you  muft  obferve  that  which  we  have 
faid  of  the  greater  vefiel  for  the  quarters  :  But  now  if  to  the 
end  ot-  every  quarter  the  third  vefiel  ( as  is  ufual  in  great  clocks) 
life  up  fomewhat,  fo  that  it  being  raifed  a  free  courfe  is  per¬ 
mitted  to  the  other  veflels,  to  wit,  to  one  of  thofe  in  the  end 
of  the  hour  for  ftriking  the  hours,  and  the  other  to  every 
quarter  for  ftriking  the  quarters,  the  thing  will  be  accom- 
plifht. 

Tenthly ,  The  forefaid  Clock  hath  this  peculiar,  that  it  makes 
no  noiie,  nor  the  motion  of  the  Ballance,  nor  the  Wheels  di- 
fturbs  not  nocturnal  reft:  Notwithftanding  if  you  would  make 
ufe  of  it  to  rouze  you  from  deep  ac  an  appointed  time,  you 
may  eafily  do  it,  by  taking  all  the  teeth  from  the  Tables,  ex¬ 
cept  one  of  them,  which  you  muft  fix  in  fuch  place  and  or¬ 
der,  that  after  the  prefix:  number  of  hours  it  may  ftrike  on 
the  bell,  or  make  feme  other  noife,  as  is  wont  in  excited 
Clocks,  of  which  we  /hall  fpeak  hereafter :  There  are  alfo  o~ 
ther  ways  more  eafier,  as  if  you  ufe  to  it  the  percuflion  of  a 
weight,  whereby  one  part  of  the  equilibrated  table  deprefles  a 
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Cliggut,  fomething  {allying  our  into  the  room,  and  you  may 
encreafe  or  diminifh  the  percudlon  of  the  weight,  by  making 
a  greater  or  leffer  hole  in  the  other  three  plates,  which  have 
large  holes  for  the  fwifcer  motion,  &c.  But  if  you  add  one 
wheel,  you  will  find  feveral  eafy  ways. 

The  Author  concludes,  that  hence  all  thofe  Engins  may  be 
fupplied  by  a  fhort  Compendium,  which  are  not  wrought  but 
by  many  Wheels,  efpecially  in  thofe  which  want  temperate 
motion. 

Moreover  he  adds  many  other  things  to  equip  this  Engin, 
and,  Firfi ,  he  fays,  the  veil'd  may  be  fo  accommodated  in  the 
outmoft  part,  that  at  what  time  the  Clock  is  moved  fwiftly, 
whether  before  or  after  the  Strokes  on  the  bell,  little  boards 
being  placed,  or  fuch  like,  as  is  wront  in  Hydraulic  Organs,  it 
will  utter  a  confort  of  mufick,  either  in  feme  Cimbal,  or  on 
little  Bells  harmonically  difpofecT. 

SecopMj,  if  the  Clock  be  hung  after  the  ufual  manner  to  a 
wall,  and  to  its  fide,  fome  plane  table  be  made  fad  to  the  wall 
through  the  length,  that  it  be  parallel  to  the  horizon,  upon 
that  table  may  be  placed  the  Sun  in  its  courfe,  a  hidden  firing, 
being  drawn  which  tends  rightly  to  the  Clock,  which  may 
be  drawn  by  the  veflel  in  its  circulation  j  and  on  the  waif 
you  may  difpofe  in  right  order  (  in  the  way  through  which 
the  Sun  runs  its  courfe  )  the  heavenly  houfes,  whence  each 
hour,  a  little  Image  poetically  adorn'd  appears,  which  fhews* 
the  hour  on  the  right  hand  next  elapft  of  the  Sun,  and  on  the* 
left  hand  it  leads  fome  of  the  heavenly  Signs,  or  fome  fign  of 
the  Zo Hack  addided  to  that  houfe,  &c.  thus  thofe  little  Ima¬ 
ges  will  appear  every  one  to  his  time put  crofs  in  the  way 
by  which  the  Sun  paffes,  fome  little  board,  fo  that  when  the 
courfe,  of  the  Sun  being  moved  by  the  fwife  motion  of  the 
Clock,  being  carried  in  its  courfe,  it  bits  againft  one  end  of 
the  little  board  3  which  if  the  little  board  be  placed  in  man¬ 
ner  of  a  leaver,  it  may  fo  be  accommodated  that  while  one 
of  its  ends  is  dra  wn,  by  the  fervice  of  the  other  end  with  fome 
firing  added  to  it,  the  little  image  is  brought  forth  to  the  Sun, 
and  there  left. 

Thirdly ,  Befides  that  heavenly  motion,  that  number  which 
fhews  the  hour  next  elapft  may  be  fo  accommodated,  that  the 
fame  fite  and  face  may  ferve,  as  well  in  its  A  pogeon,  as  in  its 
afeent  and.  defeent,  to  wit,,  if  there  be  put  to  the  little  plate 

on 
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on  one  of  its  parts  fame  tin,  a  little  heavier, being  fa  affixt  to  each 
table,  that  it  may  moft:  eafiiy  be  turned  about  its  centre. 

Fourthly ,  Almoff  in  the  fame  manner,  in  that  circular  £uper~ 
fides  whole  half  part  always  appears  divers  fmall  Images  may  be 
affixt,  fo  that  they  always  remain  aright,  by  means  of  Tin,  or 
fome  other  heavy  thing  added  to  their  feet,  and  In  going  for¬ 
ward  they  may  fhew  the  quarter  hours,  &c. 

Hitherto  we  have  added  no  Wheel,  but  if  we  add  one  or 
two,  you  will  attain  many  fine  effedfs.  Firft,  a  toothed  wheel 
may  be  fo  placed  on  the  veffel,  that  its  axis  may  fall  right  on 
it,  and  on  the  extream  circumference  of  the  veffel  many  iron 
(files  may  be  put,  which  while  the  veffel  is  turr fid  about  they 
move  the  overthwart  wheel  placed  above,  by  hitting  againft 
its  teeth,  moreover  you  may  conftitute  a  Load-ftone  on  part 
of  the  wheel  placed  above  ;  now  if  you  fallen  an  Image  with 
a  wyre,  with  an  iron  ftile  in  it  hands,  according  to  the  motion 
of  the  Load-ftone,  it  will  fhew  the  hour,  &c. 


Problem.  XIX, 

7 *0  make  the  Indexes  of  Clocks ,  Jo  that  they  Jhall  defcrile 
not  only  Circular ,  but  any  other  Figures  by  their  motion . 

IF  any  one  would  adorn  the  Index  of  a  Cleck  with  the 
Arms  of  fome  Prince,  or  City,  to  difpofe  it  in  the  form  of 
a  fhield,  of  a  heart,  of  a  crofs,  &c.  fo  that  the  fame  being  artifi¬ 
cially  made,  or  a  fmall  image,  or  any  other  fign  performing 
the  office  of  an  Index,  the  numbers  of  the  hours  being  in- 
fcribed  on  the  parts  of  its  figure,  in  whatfoever  order  they 
are  difpofed  in,  it  will  fhew  fucceffively  ;  or  that  an  Eagle 
with  its  bill,  or  a  Lion  with  its  tongue,  &c.  There  are  divers 
Artificers  in  Father  Schottus  Technic  a ,  Book  9.  Chap .  5.  the  moft 
ufeful  whereof  we  will  here  impart. 

Ficr.  159.  To  defcribe  the  moft  difficult  figures  of  moving 
Indexes  afllime  the  artifice  of  a  Parallelogram  made  in  this  man¬ 
ner  :  Firft,  of  folid  matter,  viz,,  of  iron  make  four  rules  A  H, 
A  K,  K  L,  H  M,  which  in  the  points  A,  H,  C,  K,  fo  join  with 
curious  fmall  pins.,  that  the  fquare  may  freely  be  fkttched 
wider,  or  coniradlcd  narrower  5  then  to  rhofe  portions  or 
parts  ftanding  out  on  each  fide  CL,  C  M,  join  by  the  fame  ar~ 
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tifice  as  many  more  rules,  but  fhorrer,  and  if  you  will,  decrea¬ 
sing  in  the  fame  proportion,  and  in  the  connecting  or  joyning 
points,  freely  turning. 

Secondly ,  On  that  face  of  the  Index  that  lies  hid  towards  the 
Clock,  conceive  a  hidden  toothed  wheel  CDEFGB,  to  wit, 
fo  as  thole  Indexes  that  are  wont  commonly  to  turn  once  in  n 
or  24  hours,  in  this  being  made  hollow,  or  any  other  way/ 
fitted,  underftand  a  little  Channel  A  C,  fo  that  within  it  a 
little  nail,  orpin  C,  maybe  put  flicking  out  from  the  Paralle¬ 
logram  towards  the  Wheel,  and  may  run  to  and  again,  this  way 
and  that  way,  without  refinance. 

Thirdly, ,  Fix  a  finall  pin  A  in  the  Center  of  the  toothed- 
Wheel,  and  then  between  it  and  the  other  little  pin  C,  which 
ought  to  run  in  the  little  channel  or  groove,  a  Spring,  or  fame 
im pulling  Spire,  being  put  between  by  a  Wyer  of  a  competent 
thicknefsin  the  manner  of  a  wreathed  Cylinder  fcrew,  draw¬ 
ing  afide  as  much  as  is  requifit  the  little  pin  C,  from  the  other 
fixt  pin  A  5  which  Spire  perhaps  may  more  conveniently  be 
made  of  a  Serpentine  plate  drawn  and  bowed. 

Fourthly,  Propofe  now  any  figure  which  you  would  have 
the  hour  index  defcribe  with  its  point ;  fuppofe  a  Hexagon, 
or  figure  of  fix  (ides :  Cut  then  in  the  plane  of  the  Index  a  fix 
Sided  hole  CDEFGB,  whofe  Center  is. A. 

Fifthly,  Upon  the  whole  Parallelogram,  and  the  hole  that  is 
cut,  place  fome  figure,  as  of  an  Eagle,  or  a  Dragon,  &c,  fo 
that  its  neck  touch  the  texture  of  the  Parallelogram  and  hide 
it,  and  the  other  part  of  the  body  be  fpread  over  to  the  hole 
that  is  cut ;  Moreover  that  Parallelogram  being  wove  in  the 
neck  of  the  figure  by  more  of  the  fame  Rules  placed  between, 
in  the  likenefs  of  a  net,  and  move  artificially  after  the  manner 
of  feathers,  or  the  Scales  of  a  fifh,  &x. 

The  hour  Wheel  then  intercepting  the  pin  C  in  its  groove, 
Garries  it  a  long  with  it  3  and  this  from  the  drawing  preffing 
plate  placed  between  A  C,  and  the  cut-.  Sexangular  hole,  or 
included  between  other  limits,  will  caufe  the  Eagle,  having  a 
crown, crofs  or  ftar  on  its  head,  or  a  Dragon  with  his  tongue  or 
fling,  to,  defcribe  the  fame  figure,  and  to  (hew  the  hours  de¬ 
fended  in  its  limb, . 


fhiti 


In  the  describing  of  other  figures,  as  of  a  heart,  a  rofe,  a 
Id,  &c.  the  Induflrious  wall  find  it  eaijfa  another  motion 
may  eafily.  be  given  over  and  above,  to  a  Lyon,  an  Eagle,  or  a 
v'"  -  Dragon, 
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Dragon,  dhv  that  this  fpread  his  Tail,,  that  toft  its  Spires,  the 
other  open  its  wings,  '&c.  and  that  either  by  the  fame  artifice, 
or  otherwife. 


Problem.  XX,  . 
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To  perform  the  fame 'more  Com  pend  loifly . 

t  '*  ■'*'  .1  ‘  '  -  '.V 

A L though  the  forefaid  Artifice  is  univerfal,  and  extends  if: 

felf  to  many  figures,  yet  this  prefent  Proportion  may  be 
reduced  to  praCHce,  with  lefs  charge  and  trouble,  efpecially- 
ro  theeafier;  as  Ellipfes  and  Polygons,  and  moreover  may  be* 
applied  to  other  Paradoxical  affeCiions. . 

Fig.  156.  Let  A  B  C  be  a  rod  of  mettal,  having  a  round 
hole  in  A,  but  in  C  where  it  bends,  it  ends  in  a  little  ring,  or 
other  eredt  hole  C  E,  through  which  paffes another  rod  DEE, 
which  bending  in  the  like  little  ring  F  B,  and  in  like  man¬ 
ner  made  fail  to  the  former  rod,  and  clofe  or  touch  each  other 
fo  lightly,  that  they  are  carried  on  one  within  the  other  to 
and  fro  freely  ;  in  the  end  D  is  made  an  arrow,  a  little  Star, 
or  other  filch  like  /hewing  Apex. 

Secondly ,  Underfland  in  that  plane  in  which  the  number  of 
hours  are  infcribed  fome  figure,  a  Square  to  be  described 
G  H  I  K,  and  nigh  to  its  ddignation  cut  a  channel  or  groove  of 
any  depth,  arid  its  breadth,  fo  that  handing  out  from  the  litttle 
ring  it  may  receive  the  point  B,  that  it  may  run  freely  in  its 
Channel.  -  — 

Being  placed  then,  and  iixt  to  the  hole  A  in  the  Centre  of 
the  quadrate,  and  to  the  flyle  B  in  the  fame  cavity,  if  this 
whole  joining  together  of  the  Index  in  the  point  A  be  turn’d 
about  by  the  Axis  of  fome  Wheel,  or  led  about  circularly  any 
other  way,  the  end  D  muft  needs  defcribe  a  Square  'figure,  or 
another  after  the  fame  manner,  as  is  the  Channel  in  which  the  - 
flyle  B  is  led  about. 

Note ,  Firft,  the  fame  Inftrument  may  be  more  ingenioufly 
made  of  two  rules,  in  one  of  which  a  little  channel  is  drawn 
out  in  length,  and  the  curfor  runs  to  and  fro  in  the  other  by 
turns  j  but  the  Artifice  may  be  fo  cover’d,  that  the  contraction 
and  diftenfion  of  the  rules  cannot  eafily  be  noted,  in  producing  - 
the  rule  DEF  beyond  the  centre  A,  <k  Secondly,  If  between  ' 
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the  rings  E  and  F  you  put  a  wire,  or  a  divided  plate  of  mettaT; 
it  will  not  be  necefiary  to  hollow  it  in  the  plane,  but  only  cut  it 
out  from  the  thicker  plane  being  laid  upon  the  other,  or  by 
the  rules  thar  frame  the  Poligon. 

If  you  alfedt  Paradoxes,  hence  you  .may  eafily  deduce,  Fir  ft, 
that  by  the  continual  drawing  and  revolution  of  one  and  the 
fame  common  compafs,  you  may  defcribe  a  triangle  quadrate, 
&c.  for  if  one  foot  of  the  Compafs  be  fixt  in  the  hole  A,  and 
and  the  other  firmly  lay  hold  on  the  Style  E  flicking  out,  and 
being  led  about  by  the  compafs,  the  flyle  will  defcribe  fuch  a- 
nother  Figure  D,  and  was  the  little  hollowed  Channel,  or  ano¬ 
ther  fuppofed  plane  terminated  by  a  certain  figure. 

Secondly ,  If  you  would  defcribe  a  circle  by  the  fame  opening 
of  the  compalfes,  and  not  from  the  Centre  of  the  Circle,  you 
may  do  it  almoft  in  the  fame  manner,  which  doth  not  require 
that  the  point  A  with  the  foot  of  the  Compafs  be  in  the  mid¬ 
dle  of  the  figure,  as  is  manifefh 

Thirdly ,  you  will  increafe  the  admiration,  if  you  add  the 
defcribing  a  Triangle,  a  Square,  an  Ellipfes,  &c.  greater  or 
Idler,  with  one  opening  of  the  Compalfes,  and  you  m*iy  effedt 
it  thus ;  Produce  the  length  D  E  F  towards  A,  and  let  the  little 
ring  or  Curfor  B  F,  have  a  ferew,  or  turning  joint  in  F,  that 
the  compalfes  remaining  at  the  fame  difiance,  and  only  the 
relique  DEF  being  drawn  from,  or  intruded  from  all  the  reft, 
and  the  forefaid  turning  joint  may  be  faftned  in  F;  More  may 
be  added  by  the  Ingenious. 


Problem.  XXI. 

r  1  -  •>  ’  •  ‘  ’  ’  •  " 

To  wake  and  incite  a  Chronometric  Index  to  an  Elliptic 
figure y  hy  a  certain  and  peculiar  method. 

'  A  Lthough  both  the  forefaid  Artifices  ferves  to  defcribe 
XjL  Ellipfes,  yet  the  Author  adds  another,  taken  from  a  pe¬ 
culiar  Geometrical  Infirument  of  Guido-vhaldus,  or  rather  de¬ 
duced  from  the  fime  foundation. 

Fig.  i  57.  Three  planes,  or  thin  plates,  are  to  be  conceived, 
the  fir  ft  is  of  an  indefinite  figure,  which  is  deferibed  by  the 
Elliptic  Index  A  B  C  D,  this  is  boared  through  in  the  middle 
in  the  round  hole  HEFG,  and  moreover  cut  in  with  four  Hits 
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yc  right  angles  which  are  IE,  K  F,  L  G,  M  H,  and  join’d  to¬ 
gether  with  a  round  hole,  the  length  of  the  flics  is  as  much  as 
the  Semidiameter  of  the  hole. 

The  other  Plate  P  L  is  circular,  which  hath  on  that  part  feme 
Index  which  is  laid  open  to  the  view  of  Spectators,  being  put 
upon  the  former  flits,  and  therefore  touches  the  forefaid  hole 
of  the  former  plate. 

The  third  plane  cf  the  orb  is  I K  L  M,  touching  the  fame 
hole  on  the  other  part  of  the  middle,  and  of  the  flits  of  the 
plate,  and  this  therefore  lies  hid  all  within  j  its  Centre  Is  the 
fame  with  the  Centre  of  the  round  hole,  and  it  hath  Glued  or 
Soldred  to  it,  two  Segments  above  and  below  the  Centre,  be¬ 
ing  cut  through  by  a  circle  on  its  Periphery,  that  perfectly  fills 
the  fides  of  the  hole,  and  razes  while  they  turn  within  the 
hollo wr  of  it ;  the  thicknefs  of  thefe  Segments  Is  the  fame  asthe 
flits  of  the  plate,  with  which  they  are  therefore  equal  and  alike. 

The  confpicuous  Orb  P  L  hath  its  Centre  in  that  point, 
which  is  polited  in  the  Periphery  of  the  Segment  H  E,  Glued  to 
the  hidden  orb  M I K  L  ;  In  this  point  a  hole  is  made  through  each 
orb,  to  wit, the  confpicuous  P  L,  and  the  occult  M  I KL, to  which 
hole  afterwards  a  fmooth  little  pin  is  put, to  join  each  orb  freely. 

In  the  confpicuous  orb  P  L  on  one  face  which  beholds  the 
middle,  or  flit  plate,  are  fixt  two  little  round  nails  I  and  N, 
of  the  fame  thicknefs  as  the  breadth  of  the  flits,  within  which 
they  ought  to  run  to  and  fro  moil  freely  ;  the  length  or  height 
of  the  little  nails  or  pins  is  the  fame  as  the  thicknefs  of  the  flits, 
and  the  plates,  or  fomewhat  lelfer,  left  thy  touch  the  occult  orb 
through  thofe  flits,  and  raze  it  in  the  motion  j  they  are  diftant 
from  each  other  the  interval  I  N,  equal  to  the  diameter  of  the 
hole. 

In  the  inner  and  occult  orb  make  the  hole  R  femewhere, 
into  which  enter  feme  little  nail  flicking  out  for  that  end  in  the 
diurnal  Wheel  of  the  Clock,  whether  it  be  turn’d  once  in  lz 
or  24  hours,  the  Centre  of  which  Wheel  ought  exactly  to  an- 
fwer  to  the  centre  N  of  the  hole  H  E  F  G,and  alfo  of  the  occult 
orb  I  K  L  M  ;  the  diflance  of  the  hole  R,  and  of  the  little  Nail 
anfwering  it,  will  be  the, fame  viz,.  RN  ;  it  is  the  fame,  if  in  the 
diurnal  Wheel  of  the  Clock  a  hole  be  bored  through,  and  in 
the  point  R  of  the  orb  a  little  pin  anfwering  it  be  fixr. 

The  forefaid  pin  then  being  entred  In  the  hole  R,  will  caufe 
the  occult  orb  IKLM  to  move  about,  being  laid  hold  on 

by 
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by  the  wheel  of  the  Clock,  and  will  carry  it  forward  from 
R  towards  M;  and  at  the  lame  time  a  hand  being  foimed,  a 
Lilly,  the  Sun,  or  fuch  like,  the  Index  P  will  proceed  for¬ 
ward  to  the  oppoltt  part,  and  by  its  apex  oefciibe  the  Edipfis 
A  BCD,  to  which  hours  unequal  fpaces  are  defcribed  diflin<5t- 
ly,  which  neverthelefs  are  finiffitin  equal  time,  to  wit,  hourly, 
by  the  Index. 

'  Since  the  confpicuous  orb  P  L,  on  this  face,  on  which  ’c!s 
beheld,  is  altogether  plane  and  whole,  you  may  for  ornament 
infer! be  on  it,  either  the  Effigies  of  the  7  Planets,  or  the 
figures  of  the  12  Signs,  which  indeed  have  no  other  ufe,  than 
that  they  are  turned  about  wonderfully  to  and  fro  with  the 
orb,  that  he  that  is  ignorant  of  the  ftru<3ure,  and  its  make, 
can 'hardly  conceive  it,  becaufe  that  the  orb  is  moved  with  a 
double  motion,  one  by  which  its  Centre  E  is  carried  circularly 
about  to  the  Periphery  of  the  hole  E  F  G  H,  and  the  other 
Elliptic,  whereby  the  other  parts  of  the  orb  are  carried. 

The  internal  F  H  between  the  two  Segments  is  therefore 
left,  that  the  little  nails  I  and  N  may  pafs  in  a  right  motion 
through  ,it  diametrically  oppofit  without  obftruaion  from  one 
Hit  to  the  other.  See  Guidubaldus  in  the  Demovftration  .of  the 
Planifphere,  and  Ik  t! inns  his  Comments  on  the  z8ih.  Proportion  of 
the  6th.  Eletnftnt  of  Euclid. 


Problem.  XXII. 

•  -  "  ?  *  |  {  f  J  j  .  . 

.  s  j  -y  •  ;  r .  ;  *  ;  ‘ f  ■  j  j  i  'l  1  '  ■  ;  .  .  •;  c  '  -  :  ,  .  J;  •* 

Divers  ways  to  make  a  right  lined  Index  to  fl.eiv  the  hours , or 
quarter's  of  hours,  by  a  right  motion,  aud  then  to  return 

back  again. 

*  . ,  :  ...  -  _  «■  i.  >  .  .4  *  .  ’  i  i  -  '  -  t  *  - 

Ake  a  plane  Wheel  A  B  G  DE  ¥y  whofe  middle 
part  DEFA  is  fnrniflit  with  teeth,  but  none 
in  the  other  parts,  the  axis  AG  HD  Lies  direeftiy  over,  oi  upon 
the  Centre,  or  diameter  of  this  Wheel,  carrying  two  toothed 
Tvmpanes  A  and  D,  alfo  two  toothed  Wheels  G  and  H,  which 
all  firmly  adhere  to  the  axis  A  D  :  Thirdly make  the  Oblong 
IKLM,  three  of  its  Tides  being  oi  Solid  mettai,  and  the  fourth 
K  M  is  ciofed  by  the  figure  of  the  Sun?  or  any  other  fign,  niov- 
ipp'.  forward  by  a  right  lined  Index,  which  neverthelefs  may 

he0  placed  moil  conveniently  in  the  middle  of  the  oblong  j 
r  Fourthly , 
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, Fourthly ,  to  the  two  longer  Tides  IK  and  LM,  make  the  teeth 
of  thfe  Wheels  G  and  H  to  agree  to  the  teeth  of  the  other,  viz., 
to  the  face  of  thofe  (ides  which  the  Wheels  G  and  H  behold 
and  touch,  for  that  oblong  is  conceived  to  lie  upon  the  Wheel 
G  and  H,  and  thefe  to  cover  over  the  Tides  I K  and  L  M. 

The  half  toothed  Wheel  moving  then  in  the  firft  place  from 
A  towards  B,  will  move  the  Axis  AD,  with  the  Tympanes 
and  Wheels  in  the  fecond  motion,  with  which  in  like  manner 
is  carried  on  the  oblong  with  the  Sun  K  M  from  K  towards  B , 
and  the  length  of  the  fides  I  K,  LM  of  teeth  ought  to  be  in 
the  fame  ratio  to  the  Wheels  G  and  H,  as  the  Semiperiphery 
D  E  F  A  to  the  Tympane  A  or  D  equal  to  it  j  Secondly,  and 
becaufe  the  plain  Wheel  is  furnifht  with  teeth  only  in  the 
middle  part,  which  begins  to  impel  the  Tympane  A  Flrft  with 
its  teeth,  the  Tympane  D  oppofite  to  it  is  Hundred  by  none, 
much  lefs  when  the  whole  axis  and  Wheels  are  turned,  and  by 
an  unanimous  confent  both  wheels  G  and  H  the  Tides  of  the 
oblong,  are  fo  long  forc’d  forward  by  an  uniform  motion,  as 
the  channel’d  Cylinder  A  is  impelled  3  Thirdly ,  when  firft  the 
toothed  Semicircle  approaches  to  the  Tympane  D,  and  begins 
to  fet  its  teeth  in  it,  in  the  fame  moment  the  Tympane  A  is 
freed  from  the  force  of  the  teeth,  and  is  turn’d  to  the  oppofite 
part,  being  led  by  the  other  5  from  whence  alfo  the  oblong 
removes  the  track  out  of  the  way  to  the  oppofite  part,  as  long 
as  the  toothed  Semicircle  forces,  which  it  ought  to  perform  iz 
or  24  hours,  or,  if  you  pleafe,  but  one  hour  :  Fourthly ,  this 
whole  artifice  is  hid  beyond  a  certain  table  equal  to  the  oblong 
of  the  Index,  which  therefore  is  divided  into  12  equal  parts, 
or  hours,  and  the  number  of  the  hours  are  defcribed  in  a 
double  row,  the  uppermofi:  of  which  from  1  to  12  Shews  the 
Agronomic  hours  from  Midnight  to  Noon,  and  the  lower  from 
Noon  to  Midnight,  or  other  wife. 

It  may  be  done  eafier,  for  the  weight  in  the  fpace  of  time 
in  its  defeent  of  the  whole  height,  either  in  a  plane  vertically 
eredted  in  Tome  place,  the  fame  horary  intervals  may  be  de- 
fignedj  and  the  fame  perpendicular  motion  of  the  weights 
may  eafily  be  tranflated  into  an  horizontal  one,  by  a  Pulley  put 
between,  on  which  put  a  fmali  chord,  and  bind  it  to  the  de- 
fcending/Weight ;  or  if  you  find  that  inconvenient,  fit  a  Pulley, 
or  Cylinder,  in  fome  Wheel  of  the  Clock,  meafuring  time 
by  its  motion,  for  a  Chord  being  folded  to  the  Cylinder  ac¬ 
id  li  cording 
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Cording  to  the  various  magnitude  of  the  Pulley,  or  to  the  num¬ 
ber  of  its  revolutions  made  in  an  hour,  will  give  divers  horary 
intervals  in  the  plane  defigned  on  the  Wall,  or  other  plane  of 
a  competent  length,  in  which,  if  you  pleafe,  you  may  hide 
the  Artifice,  and  within  or  behind  the  table  of  the  right  lined 
Index  you  may  place  a  piece  of  load  ftone  from  the  weight 
by  the  forefaid  little  chord  to  move  iorwaid  {lowly  being 
Ioofe,  and  without  the  table,  in  the  fight  of  every  one,  may  be 
moved  by  the  hidden  load- (lone  an  lion  gilt  with  the  Sun, 
or  Phaeton  driving  2  rofey  Chariot,  a  Chamelion,  or  a  kind  of 
Sea  fifh,  &c. 


Problem  XXIII. 


To  Ejfett  the  fame  another  way  more  ingenious  than  the  for 


mer ... 


159. 


Ecaufe  the  forefaid  Author  appoints  in  the  firfl 
^  pra&ice,  that  the  toothed  oblong  forcing^  the  In¬ 
dex,  and  lying  hid  behind  the  table,  while  fis  conveyed  to  and 
fro  of  its  own  accord,  requires  another  fpace  equal  to  the  iahle 
to  which  it  allows  and  extends  it  feu' :  and  in  the  latter  way, 
whether  he  appoints  it  by  finite  or  perpetual  Chords,  he  doth 
it  either  by  attraction  of  fmall  Chords,  or  of  the  Index  by  a 
Snail  chord,  from  whence  his  moved  forward,  theietoie  I  have 
thought  on  the  following  way  whereby  both  thole  defeats 
may  be  remedied. 

Let  therefore  the  whole  length  of  the  table  of  toe  light 
fined  Index  be  AB,  or  CD;  take  a  chord,  or  fmall  rope,  fix 
times  the  length  of  A  R,and  join  the  ends  to  make  it  perpetual^ 
as  E A  BFDCEy  Put  this  about  two  Pollies,  or  Cylinders  E  and 
J?,  moving  freely  about  their  Centers,  10  that  thedmaH  Chord-, 
oafs  occukiy  under  the  upper  border,  or  limb  of  t  net  able  A  B, 
and  of  the  lower  C  D  3  Secondly,  let  there  be  alio  tome  Index 
as  G,  fo  fitted  that  it  may  move  forward  to  and  fro  through 
the  whole  length  of  the  table  freely,  which  may  be  done 
thus  ;  it  may  run  to  and  fro  within  two  little  Channels,  or 
grooves,  cut  in  the  upper  and  lower  limb  of  the  table,  or  byc 
rwo  other  metallic  Chords,  or  Wyers,  krongly  extended  and 

limbs,  and  it  foams  them  lightly  with  its  , 

look... 
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fo 

i.  ^ 


one 


Book  IX.  Mechanic^  Powers.  2  55' 

loofe  little  holes,  or  rings,  through  which  the  chords  are  trans¬ 
mitted  ;  then  the  Index  G  will  be  moved  forward  in  thefe 
channels,  or  wyers,  perpetually  by  the  little  rope  to  and  fro  in 
this  manner :  Becaule  the  perpetual  little  chord  is  fix  times  the 
length  of  A  B,  divide  it  into  fix  parts,  as  A  B,  B  F,  F  D,  D  C, 
CE,EA;  moreover  in  the  three  points  of  divifion  A,  F,  C, 
omiting  one  interval,  or  Space,  bind  or  fallen  juft  fo  many  in¬ 
ferring1"  flexible  obstacles  with  this  condition,  that  parting  by 
the  perpetual  fmall  chord  through  the  two  loofe  rings  of  the 
Index  G,  viz.,  of  the  upper  and  lower,  the  obftacie  hitting 
ao-ainft  the  ring  of  the  Index  moves  forward  the  Index  ;  and 
the  Index  arriving  and  confiding  at  the  extream  fide  A  C  or 
B  D,  the  obftacie  being  drawn  by  the  perpetual  chord,  never- 
thelefs  going  forward  paffes  through  the  little  ring  of  the  In¬ 
dex  overcoming  that  fmall  matter  of  refinance.  To  this  end 
you  mult  t2ke  frnall  ftalks  cut  off  from  the  Quils  of  Birds,  or 
Horfe,  or  Swine’s  hair,  or  the  firings  of  a  wood-like  White¬ 
thorn  ,  then  thefe  three  obftacles  being  conveyed  overthwart 
by  the’  perpetual  chord  in  the  points  A,  F,  C,  and  fixt ;  con¬ 
ceive  now  one  of  the  pullies  E  or  F  to  be  annexe  with  feme 
wheel  of  the  Clock,  as  with  the  diurnal  when  you  would 
have  the  Index  to  be  of  iz  or  2. 4.  hours,  or  with  the  hourly, 
or  quarterly,  &c.  if  the  Index  ought  to  be  hourly,  or  of  quar¬ 
ters  :  Let  it  be  hourly,  and  either  of  the  pullies  E  or  F  to  move 
regularly  circular  by  the  hour  wheel  of  the  Clock  from 
whence  it  will  be  incited,  or  by  another  perpetual  chord,  or 
by  a  toothed  Wheel,  &c.  And  make  the  motion  of  the 
Pulley,  and  of  the  perpetual  Imall  Chord,  furnifht  with  the  ob¬ 
ftacles,  or  fmall  firings,  or  hairs,  the  upper  from  8  to  A,  and 
the  lower  from  C  to  D.  Underftand  now  the  Index  G,  to  be 
brought  by  the  horfe  hair,  or  other  firing  A,  from  b  D  to  A  C , 
Then  becaufe  the  Index  cannot  pafs  further,  the  horfe  hair 
notwithftanding  being  drawn  by  the  perpetual  choid,  it  Wall 
pafs  through  the  ring  of  the  Index,  which  it  will  lay  hold  on, 
and  will  pafs  forwards  towards  E.  At  the  fame  time  the  hair 
or  firing  C  applies  to  the  lower  ring  of  the  Index,  and  the  In¬ 
dex  being  free  irom  the  former  hair  A,  draws  it  hack  with  it 
fdffrom  C  towards  D,  then  the  Index  hitting  againft  B  D  the 
Margent  of  the  table,  this  lower  hair  will  pals  through  its  ring, 
in  the  mean  while  the  other  hair  F  is  now  found  above,  which 
Index  that  it  may  remove  it  forces  away,  and  this  reciprocation 

H  h  z  J  oi 
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of  the  Index  endures  as  long  as  the  motion  of  the  Clock,  if  you 
diligently  obferve  what  follows. 

Firfi,  Obferve  the  Compendium  in  the  beginning  of  this 
Problem ;  for  whatfoever  is  without  the  table  A  B  C  D  of  the 
Index,  you  will  contrail  to  a  lefs  fpace,  if  you  wind  about  the 
Pollies  E  and  F  once  or  twice  thdfe  portions  A  E  C,  and  B  F  D 
of  the  perpetual  chord  3  for  in  this  manner  thofe  Cylinders, 
or  Pullies,  mull  needs  be  moved  near  to  the  table  of  the  Index, 
and  always  to  its  top,  as  the  Centers  of  the  Pullies  E  and  F  an- 
fwer  to  the  extream  limbs  of  the  table  A  C  and  B  D. 

Secondly ,  to  continue  that  reciprocation  of  the  Index  with¬ 
out  any  error,  you  mull  take  great  care  that  the  precedent 
obftacle,  or  hair,  pafs  through  its  firft  ring,  and  leave  it  before 
the  fucceeding  one  fieze  his,  which  you  may  ealily  obtain  if 
you  do  not  permit  the  Index  to  come  to  the  extream  terms  AC 
and  B  D,  but  a  little  before  it  touches  them,  kis  forc'd  to  (land 
Hi  11,  and  is  freed  from  the  former  mover,  that  the  other  com- 
ming  too,  which  was  firft  difpatcht  by  the  former  obftacle, 
may  find  out  the  Index,  which  will  be  done  in  a  fhort 
time. 

Thirdly ,  Becaufe  at  the  firft  afpeit  of  this  Index  you  cannot 
know  whether  it  goes  forward  or  backward, therefore  the  thing; 
may  be  fo  ordered,  that  one  Index  in  going  may  turn  to  the 
fpedlators  a  face  of  one  colour,  and  the  other  in  returning  a» 
colour  contrary  to  the  former.  If  yet  the  number  of  hours  or 
quarters  above,  be  gone  forward  from  A  to  B,  and  the  lower 
from  B  C,  it  will  be  known  prefently  at  the  firft  afp eft,  whe¬ 
ther  the  Index  goes  forward  or  backward. 


Problem  XXIV. 

'1 0  TflClkc  th 6  j  UTYlC p 6 tV 6 1  which  WiO'UC j  the  hoUi  lfld.6X  to 
the  hours  aljo 

FAther  Schottus  thinks  it  may  be  done  by  a  Ipring,  or  fteefe 
fpire  ;  for  fince  each  fpire  after  this  manner  hath  two  ends,, 
central  and  circumferential,  one  of  which  being  drawn,  each- 
returns  to.  the  oppofit  parts  3,  fays  he,  one  end,  ruix>»  the  Central, 
may  force  the  Wheels  or  the  Index;,  and  the  othei  the  (hiking. 

Wheels,  or  the  contrary  3  And  he  affirms  that  the  irregular 

force 
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force  and  refinance  of  the  fpire  may  be  made  fit  by  the  artifice 
delivered  by  us  before,  notwithftanding  this  mu  ft  be  diligently 
obferved,  that  feme  certain  time  mult  be  appointed  by  the 
Artificer,  wherein  the  Clock  is  to  be  drawn  up,  and  then  ac¬ 
cording  to  the  number  of  Pulfes  of  each  hour  the  other  loofe 
end  will  be  made  fit,  the  Cone  of  this  other  end  forcing  the 
chronometric  Wheels ;  But  in  this  pradticefome  difficulties  oc¬ 
cur,  wherefore  I  efteem  the  following  pradlifes  of  the  fame 
Author  more  apt. 

Fig.  124.  Firft,  therefore  conceive  in  the  Figures  of  Probl'. 
id,  the  two  Pullies  A  and  B,  to  be  fitted  to  the  two  whirling 
fiftems  of  the  lower  Wheels,  that  is,  to  their  axes;  one  in¬ 
deed  to  the  Chronometric  fyftems,  or  circumagent  Index, 
and  the  other  to  the  ftrokes  defigned  ;  for  his  manifeft 
from  the  right  underftanding  of  hanging  of  weights,  that 
one  and  the  lame  weight  D  ferves  both  for  the  carrying, 
about  the  Index  continually,  and  to  the  (hiking  of  the  hour 
Wheels. 

Note ,  Firft,  the  Pullies  A  and  Bin  Fig.  124.  muft  be  under-* 
flood  to  be  fo  placed  as  you  fee  them  defigned  in  Fig.  125:, 
Note ,  Secondly,  if  you  do  not  make  ufe  of  a  perpetual  chord, 
but  a  finite,  then  you  muft  conceive  that  Chord  to  be  perpetm 
all  difledted,  and  to  each  end  a  weight,  or  poyfer,  to  be  hung 
to  continue  the  Chord  within  the  Pullies  A  and  B.  Note, Thirdly, 
both  ways  here  requires  this  weight  D  to  be  as  heavy  again, 
as  that  which  is  fufficient  to  carry  about  the  other  Wheels  all 
at  once  :  If  therefore  to  each  fingle  weight  that  motion  fhould 
be  effefted,  you  may  make  ufe  of  this  following  (  although 
more  laborious )  pra<ftice. 

Fig.  16 o.  Secondly ,  make  the  Axis  AB  ftrong,and  like  a  tree, 
or  Cylindric,  and  ftablidit  in  the  points  A  and  B,  put  on  to 
this  two  toothed  Wheels  C  D  and  E  F,  each  of  which  /hall 
have  in  its  Centre  a  Cylindric  Tube  A  G  and  B  H,  join’d  or  faft- 
ned  together  moving  freely  about  their  Axis  A  B:  And  to  the 
ends  of  thefe  Tubes  G  and  H,  muft  be  faftned  a  little  orb,  or 
Jagged  Wheel  G  and  H,  having  but  few  jags,  or  teeth,,  as  1 2  or 
1 6,  but  very  deep $  Thirdly ,  to  the  fame  Axis  A  B  between  each 
Wheel  in  the  middle  place,  put  the  Pulley  K  I  made  hollow  for 
receiving  the  Rope,  to  which  that  one  only  weight  muft  be 
bound,  and  this  Pulley  alfo  muft  be  movable. about  the  unmoved: 

Axis-; 
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Axis  A  B*  and  in  the  Bales  or  Planes  which  behold  each  Wheel, 
miift  he  Bolts  or  Bars,  on  both  hides  the  lame  number,  and 
made  by  nhe  fame  Artifice  on  both  fides ;  Fourthly ,  the  Bar 
therefore  M  L,  whereby  the  Pullies  are  joyn’d  together,  hath 
firft  of  all  a  hole,  through  which  and  the  ear  or  ling  made 
faft  in  the  Pulley,  paffes  the  little  round  Axis,  moving  freely 
in  the  pints  forfaiting  that  Bar  :  The  fame  Rail  or  Bar  towards 
the  Axis  of  the  Pulley,  holds  out  a  certain  hook,  or  little  arm, 
athwart,  as  in  Leavers  full  of  corners  or  nooks-  and  iaftly,  to¬ 
wards  the  other  end  L  his  bent  like  a  hook,  or  bill  Fifthly , 
the  Rails  or  Bars  being  fitted  in  this  manner  in  the  ambit  of  the 
Pulley  in  any  number,  as  3  or  4,  fo  that  all  together  they  anfwer 
the  jags  of  the  Wheels  G  and  H,  underftand  between  the 
Jagged  little  Wheel  G,  and  the  Pulley  I  K,  feme  Lilly,  or  like 
flower  to  be  put,  cut  out  of  a  thin  plate  of  metral,  whofe  lit¬ 
tle  Leavers  flicking  out  towards  the  Centre  of  the  Pulley,  prefs 
the  points  or  little  arms  of  the  Bars  or  Rails,  that  in  this  man¬ 
ner  the  bars  L  M,  drive  or  drain  always  againd  the  Cuts  of  the 
jagged  Wheel,  and  the  fame  is  done  by  the  face  of  theother  Pul¬ 
lies.  sixthly ,  to  the  Tubes,  or  hollowed  Axes  of  the  toothed 
Wheels,  mud  be  put  feme  Cylindric  Segments  N  and  Q,  upon 
the  forefaid  Axes  or  Tubes,  movable  freely  to  and  fro  3  and 
join  them  to  fome  firm  Beam  NOPQ,  that  according  to  the 
motion  of  one  Cylindric  Segment,  the  other  may  be  moved 
with  a  reciprocal  motion.  Seventhly ,  make  iome  ballance  CKE, 
movable  in  the  Centre  K,  about  which  the  half  toothed  Wheel 
is  conveyed  with  it,  whofe  teeth  anfwer  to  the  flits  or  cuts  of 
the  Bearn  OP3  A  little  arm  is  eredted  in  the  upper  part  of  the 
fa  me  Ballance  aniwering  the  little  tongue,  or  cock,  of  common 
balances,  to  this  is  affixt  the  Sphere  R  of  a  competent  weight. 
Eighthly ,  to  the  Tube  or  hollowed  Axis  of  the  Wheel  C  D,  is 
-  put  the  little  01b  A,  or  fmooth  Wheel,  movable  together 
with  the  former,  nevertheiefs  it  hath  in  fome  certain  place  of 
its  Periphery  one  triangular  tooth  eredted  of  unequal  fides, and 
of  filch  formas  you  fee  in  Wheels,  with  Jagged,  or  ft  w- like 
teeth,  fo  that  it’s  Hypthenufe  riles  up  den  deny  from  the  ambit, 
or  Periphery,  and  at  length  is  ended  in  the  precipice  of  the 
Cathetus ,  this  little  tooth  about  the  end  of  any  hour,  lifts  up 
ilowly  the  little  arm  C,  then  when  the  ballance  CKE  is  in¬ 
clined  it  pulls  tip  the  little  orb  A. 


Thefe 
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Thefe  thing?  thus  prepared,  underhand  Firfi,  the  Horometr10 
Syftem  to  be  the  ftiperftrucfture  of  the  toothed  wheel  C  D,  and 
the  fyftem  ferving  to  excite  the  ftrokes  is  of  the  other  wheel 
EF;  moreover  from  the  pulley  K  1  is  hung  fome  compe¬ 
tent  weight  by  the  Artifices  propofed  before  in  Problem 
the  id. 

Secondly,  Underftand  the  ballance  C  K  E  with  the  weight  R 
to  be  inclined  towards  the  chronometric  Wheel  C  D,  for  fo 
it  will  come  to  pafs,  that  the  Wheel  half  toothed  K  for¬ 
ces  the  Beam  O  P  towards  the  fame  toothed  Wheel 
C  D,  and  together  with  the  Beam,  each  Cylinder  N 
and 

Thirdly,  One  of  the  hour  Cylinders,  'viz,.  N,  when  in  this 
manner  it  goes  back  from  the  jagged  Wheel  G,  it  th  rufts 
down  all  thofe  hooked  rails  or  bars  in  its  inciliions ;  and_  by 
the  contrary  reafon  the  Cylinder  Q__  being  moved  to  the  jag- . 
ged  Wheel  H,  lifts  up  all  the  rails  or  bars  on  that  part,  fo  that 
the  jags  in  the  little  Wheel  H  are  in  no  wife  laid  hold  on  by 
them. 

Fourthly,  When  in  this  manner  the  weight  hung  from  the- 
common  pulley  hath  a  connexion  with  the  Wheel  C  D,  and 
none  with  the  other  Wheel  EF,  that  Wheel  only  will  incite, 
and  not  this,  and  that  will  be  done  in  an  hours  fpace,  until 
the  tooth  (licking  out  in  the  little  orb  A,  begins  to  take  up . 
(lowly  the  little  arm  C,  and  with  it  the  whole  ballance  C  E, 
and  alfo  the  weight  R. 

Fifthly,  The  weight  R  being  inclined  beyond  the  line  K  R 
towards  P,  fuddeniy  nifties  to  the  oppolitepart  with  thecock  of 
the  Ballance, and  together  with  the  half  toothed  Wheel  K,  im¬ 
pels  the  Beam  OP,  and  the  Cylinders  N  and  Q_ towards  By 
wherefore  the  Cylinder  N  lifts  its  hooked  Bar,  and  the  Cylin¬ 
der  QJets  it  down, and  this  being  received  within  the  jags  of  the 
Wheel  H,  make  firm  the  Pulley  K  I  with  the  Wheel  E  F,  and 
its  Wheels  pertaining  to  the  ftriking,  which  unlocks  the  arm 
K  E,  by  a  certain  Leaver  which  the  Figure  doth  not  ex-, 
prefs. 

Sixthly,  The  hour  being  declared  by  ftriking,  the  ballance 
C  E  is  again  lifted  up  with  the  weight  R,  to  the  oppofit  part 
by  inclining  towards  O,  and  that  is  done  by  the  ThonotaBic 
Wheels,  efpecially  by  thofe  which  are  thruft  on  immediately 
from  the  Wheel  E  F,  and  which  for  every  blow  or  ftroke  is 
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wqnt  to  go  once  round,  and  carries  in  it’s  Axis  a  certain  heart, 
by  help  whereof  through  Leavers  difpofed  to  that  purpofe,  it 
may  be  done  very  eafily,  the  Impetus  of  the  Wheels  approach¬ 
ing  from  the  collected  motion. 

Note,  Firfi ,  in  Head  of  the  Pulley  K  I,  a  toothed  Tympane 
may  be  placed,  which  may  be  moved  by  another  inferior 
Wheel,  and  it’s  weight,  for  the  fame  effedt  will  follow,  by  in- 
creafing  the  weight  of  the  clock  as  much  as  the  thing  requires  : 
NotwithHanding  the  forces  of  which  may  be  hindred  by  a 
fpring,  or  Heel  fpire,  but  only  in  a  fxt,  or  Handing  clock,  for 
in  a  portable  one  the  fame  foundation  remaining  of  fhutting 
by  the  bar  LM,  the  other  furniture  of  the  Leavers  will  be 
other  wife  difpofed  to  work  changes.  Secondly ,  when  the  Vho - 
notaciic  Wheels  are  incited  by  the  weightahe  motion  of  the  Index 
ceafes  the  fame  time,  but  after  that  manner  that  either  his  of 
it  felf  but  little,  or  his  compenfated  from  elfewhere  3  alfo  it 
may  be  fo  made  that  between  thoie  Hackings,  the  Index  fhall 
not  move  forward  at  all,  but  the  more  free  defcription  of  the 
artifice,  the  brevity  of  time  excludes.  Thirdly ,  if  the  Chroncme- 
trie  Wheels  are  incited  not  by  a  ballance,  but  by  a  Pendulum, 
the  Artifice  may  be  efledfed  eafily,  that  that  may  be  appre¬ 
hended  and  included  in  the  uttermoH  term  of  its  arches,  and 
then  the  weight  being  refiored  to  its  Wheels,  his  unloofed  into 
Vibrations, otherwife  the  motion  of  the  Pendulum  once  ceafing, 
It  cannot  be  Hir’d  up  again  by  the  weight  only  ;  the  refl  Ileave 
to  the  Ingenious  to  confider.  Thus  he. 

And  truly  this  practice  is  very  ingenious. 


Problem. 
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Problem  XXV. 

To  saufe  any  ftrong  blow  or  ftroke  ufually  ft  ruck  on  great  Bells , 
by  a  Hammer ,  and  by  great  Weights,  to  be  effeded  by 
much  lejjer  weight ,  and  fewer  toothed  Wheels . 

Fig.  idi.Y  Er  the  Wheel  ABODE  F  be  divided  into  6,  Sy  or 
I  j  more  parts,  in  the  division  of  which  points  make 
fo  many  joints  for  certain  equal  arms  and  equiponderant  ham¬ 
mers, or  Iron  balls, or  Globes, to  be  fixed,  yet  fo,that  the  motion  of 
any  arm  run  not  out  beyond  the  quadrant  of  a  circle,  viz,. 
D  G  H :  To  the  Axis  of  this  Wheel  place  a  Pulley  with  a  weight 
and  one  toothed  wheel,  which  fhall  turn  about  a  certain  axis 
with  a  ballance,  to  retard  the  motion  of  the  whole  Engin,  and 
alfo  the  impetus  caufed  by  this  ballance,  &c. 

Rails  or  Bars  then  being  advanced  Shutting  up  the  motion  of 
the  Engin,  after  which  fome  hammer,  to  wit,  D  G  mud  be 
conveyed  perpendicular  to  an  Horizontal  fite,  and  a  little  be¬ 
yond  the  hammer  falls  down  with  a  force,  and  defcribes 
by  its  fall  the  arch  G  H,  and  on  the  brim  of  the  objected  Bell 
ftrikes  a  ftrQxke,  or  blow,  and  becaufe  it  touches  only  the 
extream  of  the  Bell,  *tis  prefently  withdrawn  by  the  Engin 
from  proceeding  any  further,  otherwife  if  the  hammer  fhould 
reft  a  little  while,  it  would  hinder  the  found  of  the  Beil,  fome 
fteel  plate  fhould  be  put  between  by  the  fide,  which  fhould 
draw'  the  Hammer  immediately  from  the  bell,  and  not  hinder 
it  from  tending  downwards :  And  in  this  manner,  much  leifer 
weight  being  difpofed,  forces  the  Hammer  and  makes  the  ftrokes 
more  valid,  becaufe  the  Engin  is  as  it  were  ^Equilibrated :  The 
fame  may  be  performed  by  Iron  Spheres,  or  Giobles,  falling 
from  on  high  on  the  bell,  which  Globe  is  again  raifed  to  the 
height  by  a  fcrew  with  a  fmail  power.  Or  fo  many  Globes 
may  be  placed  in  an  upper  place,  as  are  required  for  all  the 
ftriking  of  hours  for  the  whole  day,  as  alfo  of  each  hour,  Fir  ft, 
o.ie  of  them  is  freed  from  the  obftacle  that  it  may  fall  on  the 
Bell,  afterwards  two,  and  after  that  three,  &c.  according  as 
the  number  of  hours  require:  The  hours  may  be  adorn*  I 
divers  other  new  ways  to  fhew  the  diftance  of  hours,  for  irft, 

I  i  if 
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If  you  would  fhew  nor  only  the  hours,  but  alfo  the  quarters, 
you  may  do  it  by  many  fmall  bells,  to  wit,  make  ufe  of  five 
little  bells,  whofe  founds  afcends  by  degrees  in  a  Mufical  in- 
creafe  or  proportion  ;  and  for  the  broke  of  the  fit  ft  quarter,  , 
the  meaneft  or  lowed  little  Bell  will  found  Do,  or,  lit,  for  the 
fecond  quarter  Do,  re  j  for  the  third  Do,  re,  mi,  then  follows 
the  broke  of  the  hour  fol,  fol,  fol,  &c.  fo  often  as  theprefent 
hour  requires. 

Secondly ,  the  fame  may  be  effected  by  means  of  mufical 
Chords,  to  wit,  if  you  extend  them  on  a  table  made  thin  and<* 
hollow,  either  Parallel  to  each  other,  or  as  radius’s  meeting 
in  one  point ;  and  they  may  be  fo  fitted  and  tempered  that  two 
oppofits  give  a  Harmony,  beginning  from  perfect  and  pro¬ 
ceeding  to  imperfetft,  for  thefe  kinds  of  Harmony  being 
Incited,  each  hour  by  a  diurnal  Wheel  with  two  chords5 
will  fignify  the  hour  decreed  in  a  bed  chamber,  which  may  be 
heard  in  a  night  without  the  trouble  of  noife  ;  and  the  Im- 
pulfe  of  the  chords  may  be  repeated  three  or  four  times,  left 
the  hearing  be  deceived,  if  you  have  a  mufical  Inftrument 
with  keys,  you  may  ufe  a  Phonotactic  Cylinder  direcft  to  the 
Clock,  with  a  weight  hung  to  it,  by  which  it  will  be  turn'd 
about. 

Thirdly ,  the  thing  may  be  effected  likewife  by  the  Pipes  of  Or¬ 
gans, for  if  the  Phonotaffic  Cylinder  be  made  and  applied  to  the 
keys  of  the  Organ, and  the  Bellows  being  drawn  either  artificially 
by  fome  eafy  Engin,  or  being  once  drawn  perfifts  fo,  and  they 
mui  defcend  by  little  and  little  each  hour  while  the  found  of 
hours  Is  required  to  be  made. 

Fourthly ,  the  Strokes  of  the  hours  may  be  made  by  a  military 
Tympane,  or  drum,  and  that  moft  eafily,  as  to  any  Induftrious 
perfon  will  appear ;  yea,  we  affirm  it  is  not  difficult  by  Engins 
to  exhibit  to  the  ears,  any  ftrokes  or  blows  wont  to  be  declared 
by  Tympanes,  with  as  much  dexterity,  as  it  can  be  done  by 
the  moft  skilful  Mufick  Mafter,  both  as  to  the  Celerity  of  the 
blows  and  the  difference  of  inequality  of  Percuffion,  and  alio 
as  to  Harmony  or  the  founds  of  Tympanes  in  Mufical  conform 
Lajlly ,  there  is  no  Mufical  Inftrument,  the  Tube  or  Trumpet 
perhaps  excepted,  but  it  may  be  fo  fitted  to  a  clock,  as  to  make 
divers  Hannonical  founds  each  hour. 


Problem, 
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rocure  excited  Sounds  at  appointed  times  Ij  many  Ar¬ 
tifices. 

*  * 

THis  Father  Schottus  teaches  at  Proportion  the  ijth.  thus, 
inclofe  a  Steel  fpire  with  two  little  Wheels  and  a  little 
Hammer,  within  a  little  bell,  and  this  little  Engin  Hands  upon 
3  or  4  feet,  and  hath  a  little  tongue  flicking  out  downward, 
by  which  the  fteel  fpire  being  firft  bent,  the  motion  is  imparted 
to  the  little  Hammer;  If  then  the  little  Engin  be  placed  above 
the  Index  of the  clock  lying  Horizontally,  or  applied  vertically 
about  the  centre  of  the  Index,  the  feet  of  the  little  Engin  being 
ftablifht,  and  that  little  tongue  flicking  out,  directed  to  the 
line  of  the  hour  which  you  defire  to  excite,  then  the  Index 
of  the  Clock  being  conveyed  to  the  little  tongue,  and  opening 
the  inclofure  of  the  little  Hammer  gives  the  ftroke  required; 
and  after  that  whenfoever  you  pleale  to  remove  it  you  may, 
and  put  it  again  to  the  little  Engin. 

Fig.  162.  Secondly ,  if  a  Clock  be  required  fhewing  only  the 
hours,  and  to  hang  to  the  wall  of  a  room ;  In  the  wall  nigh 
which  the  weight  of  the  Clock  defcends  fallen  in  A  a  little 
arm,  or  Leaver  A  B,  movable  in  A,  on  the  end  of  the  Leaver  B, 
bind  one  end  of  a  fmall  chord,  than  to  a  little  Bar  Ext  in  G 
call  over  the  other  end  of  the  fmall  chord,  to  which  bind  a 
little  fpar  or  piece  of  a  flick  C  D;  Jaftly,  fallen  a  third  little  Bar- 
in  E,  within  which  and  the  end  D  of  the  flick  put  the  light 
flick  E  D  between,  fo  that  it  may  flick  fall  between  the  little 
bar  E  and  the  end  D  of  the  fpar  or  piece  of  flick,  and  the 
weight  G  being  hung  will  therefore  flick  fall,  under  which 
you  mull  put  a  brafs  bafon,  or  fuch  like  body  of  found,  in 
which  the  weight  G  falling,  excites  a  found ;  then  lift  up  the 
weight  F  impelling  the  Clock,  to  fo  many  hours  as  you  defire 
it  to  excite,  for  the  weight  E  being  eilapft  in  a  determined 
time,  the  flick  being  conveyed  llowly  to  ED  bares  it  dowr^ 
and  calls  it  downwards :  And  this  obftacle  being  taken  away* 
the  flick  C  D  being  looked  fends  down  with  a  force  the  weight 
G  into  the  bafon  underneath. 
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Thirdly,  for  excited  founds  for  Souldiers,  or  Husbandmen,,  to 
a  determined  time,  you  may  prepare  them  eafily  in  this  man¬ 
ner,  take  a  piece  of  match,  fuch  as  Souldiers  ufe,  of  one  thick- 
nefs  and  denfity  every  where,  try  diligently  how  much  the 
fire  will  confume  of  it  in  an  hour,  then  allowing  the  length  of 
the  match  for  as  many  hours  as  you  pleafe,  note  the  end,  and 
extend  the  whole  in  length  upon  fome  piece  of  timber  in  an 

Horizontal  fite,  and  a  little  elevated  from  the  earth:  Then  in 

the  flrft  fign  noted  in  the  match, bind  a  little  chord, and  to  the  fame 
fome  weight,  viz**  a  (lone,  and  the  other  end  of  the  rope  01  choid 
bind  about  and  make  fall  to  fomewhar,  as  to  a  wall,  or  a  tree, 
&c.  for  it  will  come  to  pafs,  that  when  it  hath  burnt  to  the 
noted  fign,  it  burns  or  deflroys  that  end  of  the  little  rope,  and 
the  Hone  falls  into  fomeVefielor  table  placed  juft  under,  it  and 
lo  makes  a  noife* 

Many  other  fuch  like  may  be  thought  on  which  may  either 
be  applied  to  Clocks,  or  may  effeft  it  themfelves,  that  at  an  ap¬ 
pointed  time  they  may  waken  and  raife  up  them  that  deep  by 
fome  noife  j  For  in  the  firft  place  all  kind  of  CIocks  which  we 
have  deferibed  before,  to  wit,  which  are  moved  in  descending 
by  an  inclined  plane,  that  may  eafily  be  done,  if  while  they 
come  to  fuch  a  line  of  the  hour,  they  run  againft  ^  tome  obita- 
cle,  from  whofe  repulfe  or  removal,  a  found  is  made,  or 
fome  other  noife  excited  ^  Secondly,  we  may  obtain  it  by  all 
hour  glalfes  of  fand  or  water,  for  being  increafed  by  degrees 
by  the  weight  of  the  water  or  fand  failing  down,  it  may  be. 
made,  that  when  it  increafes  to  fuch  a  magnitude  the  other 
weight  fhall  prevail,  which  either  lifts  it  up,  or  being  freed 
from  the  Impediment  it  fhall  fall  down, 
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Problem  XXVII. 

,  "'i  ••  <  ■  (  ’  .  '  ’  1  '  Oi  ■  '  "S 

Divers  Ornaments  applicable  to  Clocks ,  and  fuch  like 
Engi  ns . 

THE  Ornaments  which  may  be  added  to  Clocks,  and  other 
Chronometric  Engins,  are  innumerable,  for  befides.  thofe 
which  belong  to  their  Indexes,  and  the  other  before  mentioned, 
the  ingenious  Artificer  may  eafily  invent  many  other,  fome 
whereof  we  will  fhew  briefly. 

Fir  ft  i  a  Clock  may  be  made  which  not  only  declares  the 
hours  and  quarters,  but  alfo  the  minutes  and  feconds,  and  that 
either  with  divers  little  bells,  or  by  a  mufical  Inftrument  of 
Chords  or  Pipes. 

Secondly ,  the  noife  of  the  forefaid  Harmony  may  be  made, 
either  before  thofe  ftrokes  can  publifti  the  Mufical  confort,  not 
only  in  fmall  bells,  or  any  other  Inftrument,  or  alfo  more  to¬ 
gether,  which  may  eafily  be  done  by  Phonotafiic  Cylinders, 
as  is  fhewn  before  ;  and  not  only  by  thofe  Cylinders,  but  alfo 
by  an  oblong  plane,  to  wit, if  you  have  a  thick  plate  of  mettal  or 
a  wooden  table,  to  which  fallen  fo  many  fmall  bolts,  or  pins, 
and  diftant  a  due  proportion  between  themfelves  as  the  Mufi- 
eal  tone  requires,  fo  that  while  that  plane  is  moved  upward 
and  downward  to  the  right  hand,  or  to  the  left,  his  fmall  pins 
flicking  out,  hits  againft  the  Organ,  or  other  Inftrument,  &c> 
And  this  oblong  plane  may  be  moved  here  and  there  by  a  re¬ 
trograde  motion,  as  is  faid  before  concerning  the  Index  of 
the  like  plane  at  Problem.  17,  in  which  cafe,  notwlthftanding 
it  behoves  the  whole  thing  to  be  doubled,  to  wit,  one 
anfwering  to  one  half  of  the  oblong  plate  moved  in  one  part, 
and  the  other  to  the  other  half  in  the  return  of  the  fame 
plate. 

That  the  Clock,  or  Inftruments,  may  be  rightly  applied,  the 
following  things  are  to  be  obferved.  Fir  ft  y  the  toothed  Wheels 
of  Clocks  which  the  Cylinder  turns  about,  ought  to  befcituate 
in  the  middle  of  the  fame  Cylinder,  or  in  both  ends  of  it, 
for  if  it  be  applied  to  one  end  only,  fome  inequality  eafily 
happens  to  the  motion,  by  the  refiftance  of  railing  the  Ham*. 
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iners,  or  depreffing  the  little  hands,  &c.  and  the  Cylinder 
mu  ft  be  exactly  turned  :  Secondly ,  for  each  fmall  bell  (  if  you 
will  make  the  founds  on  bells  )  let  there  be  two  Hammers, 
two  little  hands,  and  two  rows  of  holes  in  the  Cylinder,  to 
wit,  that  any  note  although  fhort  in  the  tune*  may  be  expreft, 
when  they  are  doubled,  or  repeated  many  times,  for  if  thofe 
notes  be  many,  to  wit,  tailed  or  twice  tailed  following  im¬ 
mediately,  it  cannot  fo  well  be  ftruck  by  one  Hammer,  and 
prefently  raifed.  Thirdly ,  the  fewnefs  of  holes  far  one  touch, 
may  be  fupplied  by  the  diverfity  of  fmall  pins,  more  or  lefs, 
ft  retched  out  without  the  hole  in  which  they  are  faftned: 
Fourthly ,  to  greater  Hammers,  or  greater  refilings  of  Elevation  * 
Poifers  or  weights  mu  ft  be  hung  as  much  as  need  requires  * 
Fifthly ,  the  little  hands  and  fmall  pins,  are  moil  exactly  of  a 
length.  Sixthly ,  for  accelerating  the  motion  of  the  Cylinder, 
thofe  wings  which  catch  the  wind,  or  fmall  weights  inftead  of 
them,  are  movable*  that  they  may  be  moved  more  or  lefs  to 
the  Centre  of  motion.  Seventhly ,  when  the  motion  of  the 
Cylinder  a  fled  by  weights,  is  flower  in  the  beginning,  a  (lay 
mud  be  put  between,  of  one  touch,  or  a  touch  and  an  half,  to 
gain  the  Impetus,  '  before  the  little  keys  or  pins  begin  to  publifh 
the  ftrokes:  Eighthly ,  if  the  Confort  of  mufick  preceed  the 
ftrokes  of  the  hours,  care  muft  be  taken  that  the  key  opening 
the  ftriking  Wheel  of  the  hour  be  movable,  left  when  the 
tunes  are  feme  fhorter  than  others,  the  ftroke  of  the  hour  may 
be  a  long  time  expected. 

Thirdly ,  as  Indexes  of  Clocks,  and  other  Engins,  belong  to 
the  Senfe  of  the  eyes,  and  of  the  found  to  the  hearing*  fo  to  the 
fame  hour  meafurers,  other  ornaments  may  be  added,  which  be¬ 
long  to  Odour  or  fmelling  3  for  it  may  be  made  that  every 
hour,  or  at  other  appointed  times,  a  box  or  fmall  cillern  may 
open,  in  which  feme  odoriferous  body  fmelling  very  fweet  is 
clofe  fhut,  and  the  Odour  will  difperfe  it  felf  into  the  whole 
room  *  in  like  manner  cocks  of  fmall  fountains*  may  be  opened, 
fending  forth  Odoriferous  liquors,  which  liquors  may  be  di- 
‘  'Vers,  according  to  the  diverfity  of  the  hours  of  the  time*  yea, 
they  may  be  fo  fine  and  full  of  Spirituous  rectification,  that 
they  may  refolveinto  air,  and  by  their  .fubtilty  vanifh*  their 
Odour  only  remaining.  Neither  is  it  neceffary  to  life  many 
fountains  or  fpirital  Engins,  if  fo  be  you  make  a  fmall  Engin, 
out  bf'whofecock  only,  divers  liquors  run  forth  every  hour* 
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Alfo  Odours  may  be  made  either  by  means  of  perfuming  lire 
which  may  be  excited  every  hour,  to  wit,  by  percufiion,that  the 
next  fweetned  matter  may  be  burnt  3  Or  being  moved  into  an 
occult  furnace,  or  lamp,  the  matter  may  be  moved  to  them,  or 
rather  thole  to  it. 

Fourthly ,  It  may  be  made,  that  the  clock  every  hour  or  ap¬ 
pointed  time,  /hall  atchieVe  divers  offices  of  cruft,  as  it  were  a 
fervantj  and  be  diliigent  in  the  Bed-chamber  defigned  to  va¬ 
rious  Offices;  fo  Cloks  maybe  made  which  at  a  prefixt  time 
of  night  /hall  ftrike  fire  and  kindle  a  light ;  and  in  the  fame 
manner  they  may  be  fo  fitted,  that  they  may  fend  forth  water 
from  a  fountain,  at  certain  hours  for  the  walking  of  hands, 
or  draw  it  from  a  well,  or  fo  as  to  fnuff  candles  dexterioufly, 
at  appointed  times :  Alfo  a  dock  may  be  made,  which  be¬ 
ing  placed  on  a  Table,  imay  reprefent  Bacchus  fitting 
on  a  Tun,  and  at  certain  times  fill  pots  with  divers  kinds 
of  wines :  Alfo  a  Statue  may  be  made  in  the  top  of  the 
Clock  Turret,  that  may  unfold  a  ftreamer  in  the  morning,  and 
fold  it  up  in  the  evening;  and  many  other  fuch  like  as  thefe 
may  be  performed. 

Lafily ,  other  Inftruments  may  be  added  to  Clocks  which 
may  /hew  the  degrees  of  heat  and  cold,  and  alfo  of  moifture 
and  drynefs,  or  which  /hall  foretel  when  it  will  be  rain  and 
when  fair  weather,  yea,  and  they  may  /hew  the  winds  at  any 
time  in  an  inclofed  chamber. 


Problem  XXVIIL 

To  make  a  Chariot ,  or  fhip,  with  an  Index  of  Miles,  for  the. 
meafuring  of  a  Journey . 

Fig.  163.  "VT  Eafure  the  compafs  or  Periphery  of  the  Chariot 
jLVJl  Wheel  propofed,  and  for  example  let  it  be 
ten  feet  3  To  the  Axis  of  this  Wheel  A  B,  fit  a  fmall  tooth 
E,  running  on  another  Wheel  CD,  furnifht  with  50  teeth: 
Again  this  Axis  I  E  muft  have  a  fmall  tooth,  like  to  the  fmall 
tooth  of  the  former  Wheel  in  E,  which  folds  into  the  teeth  of 
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the  Wheel  EF,  divided  into  12  equal  parts,  each  of  which 
confifts  of  so  teeth,  fo  that  all  the  teeth  of  this  -Wheel  are 
no  ;  Moreover  in  its  Centre  G  an  immovable  Index  is  dif- 
pofed,  which  will  tell  the  number  of  Miles  and  hun¬ 
dreds  of  Paces  that  hath  palled  by  the  Chariot  in  the  Jour¬ 
ney  3  for  each  circumvolution  of  the  Wheel  A  R,  that  is, 
every  two  paces  that  is  made  in  the  Journey,  one  tooth  of  the 
Wheel  C  D  is  moved  forward  by  means  of  the  fmall  tooth  C, 
and  therefore  fince  the  Wheel  C  D  isfurnifht  with  50  teeth, 
its  whole  circumvolution  will  be  compleated  after  100  Paces, 
and  then  it  moves  forward  the  WTheel  E  F  by  means  of  the 
little  tooth  E  ;  then  ft nee  every  part  of  divifton  of  the  Wheel 
E  F  confifts  of  10  teeth,  after  every  10  circumvolutions  of  the 
Wheel  C  D;  that  is,  after  1000  Paces,  or  one  mile  of  the 
Journey,  the  Index  after  that  will  note  another  number  of 
Miles;  in  the  fame  manner  altogether  the  thing  may  be  done 
in  a  Ship,  provided  that  a  Jagged  Wheel  like  to  the  Wheels 
of  Mills  be  fo  fitted  to  the  fide  of  the  Ship,  that  it  may  freely 
move  about  the  axis,  while  its  Jags  hit  againft  the  water;  and 
this  Wheel  will  be  in  (lead  of  the  Wheel  of  the  Chariot  A  B, 
to  which  others  are  added,  as  we  have  faid ;  for  the  whole 
Artifice  confifts  in  this,  that  the  circumvolution  of  the  firft 
Wheel,  which  anfwers  the  length  of  the  Journey  be  multiplied 
proportionally  to  the  other  Wheels  CD  and  EF,  which  may 
be  done  eafily,  and  divers  ways. 


Problem  XXIX. 

The  method  of  making  Archimedes’*  Screw  for  the  raifing  of 
water  Jeveral  ways . 

Fig,  i Cj..  A  RchimeJes  his  Screw  is  no  other  than  a  Column 
,/i  or  Cylinder,  on  which  a  Tube  is  wound  about 
fpirally,  or  in  the  nature  of  a  ferew,  as  appears  in  the  annexed 
Scheam,  where  A  B  repr  efents  the  Cylinder  in  an  inclined  lire 
to  the  Horizon,  and  C  D  (hews  the  Tube  drawn  about  it  fpi¬ 
rally;  and  this  Tube  if  one  end  of  it  have  an  open  mouth  C, 

Dtu  in  the  water,  lo  that  the  water  enter  into  it,  and  then  the 

Cylinder 
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Cylinder  being  duly  inclined,  and  ir  being  turn'd  about  by 
the  two  poles,  or  ends  of  the  Axis  E  F  that  it  Hays  upon, 
it  will  come  to  pafs  that  the  water-ferpent  by  little  and  little 
will  afcend  to  the  top,  and  run  out  at  the  other  mouth  D. 

This  ancient  and  moft  ingenious  Engin,  owns  the  mod  In¬ 
genious  Archimedes  for  its  inventer,  which  firft  ufed  it  to 
empty  water  out  of  the  great  fhips  of  Hiero, King  ofSyracufe;  then 
the  Egyptians  ufed  the  fame,  (  witnefs  Diodorus  Siculus  )  to  draw 
out  the  water  from  the  fields  drowned  by  the  River  Nyles,  and 
Cardan  in  his  book  de  Subtil ,  makes  mention  of  a  Blackfmith 
that  made  this  kind  ofEngin,  and  imagining  himfelf  to  be  the 
firft  inventor  of  it,  for  joy  ran  out  of  his  wits. 

How  much  the  Cylinder,  or  its  Axis  E  F,  ought  to  be  ele¬ 
vated  above  the  Horizon  is  not  eafily  determin’d, as  will  appear 
by  what  follows,  although  commonly  Mechanics  (  with  Vitru - 
vius.  Book  10,  Chap.  1 1 .)  require  luch  an  inclination  as  con¬ 
futes  Pythagoras  his  triangle  EOF,  to  wit,  fuch  that  the 
fide  or  Bafe  E  F  which  refembles  the  Axis  of  the  Cylinder 
fltall  be  to  the  fide  E  G,  which  is  the  Horizontal  line,  as  y  to 
4,  and  the  fide  E  G  in  which  the  other  fide  F  G  falls  perpen¬ 
dicularly,  is  to  F  G  as  4  to  3 . 

■  And  the  Tube  and  its  Spire  muft  be  fo  fitted  about  the 
Cylinder,  that  each  Spire  be  more  or  lefs  inclined,  and  more 
or  lefs  nearer  each  other  by  turns. 

Befidcs  to  the  fame  Cylinder,  ( which  may  be  greater  or 
fmaller  )  there  may  be  put  about,  two,  three,  or  more  Tubes, 
fo  that  one  f  ucccflively  after  another  may  draw  the  water 
beneath,  and  may  pour  it  out  in  the  fame  order  above. 

Some  hide  the  Tube,  or  Tubes,  within  the  hollow  of  the 
Cylinder,  or  they  make  the  whole  cavity,  except  the  Axis  in 
the  middle,  into  a  Spiral  pipe,  or  Channel,  after  the  manner  of 
winding  flairs,  for  firft  they  make  the  Channel  fpirally  about 
the  Axis  of  fmall  timber,  then  afterwards  they  cover  the  whole 
all  over,  that  the  whole  Engin  feems  a  meer  Column,  the 
myftery  lying  hid  within  ;  Father  Chrifiopher  Grumberger  made 
a  tranfparent  Channel,  or  fpiral  pipe,  covering  it  over  with  a 
Selenite  ftone,  or  looking  Glafs,  that  it  may  appear  to  the  eye 
ooktng  on  it,  how  the  water  afcends. 

If  about  theCyiinderyou  fit  little  boards  fuch  asisufed  in  mill 
Wheels,  or  aWheel  furniftit  with  little  boards  be  fitted  about  the 
fame,  near  the  lower  part  B,  this  part  may  be  fo  kept  above  the 
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water  of  the  River  flowing,  diat  the  little  boaids  may  be  fo i- 
ccd  feyf the  water,  and  turn  about  the  Cylinder,  lor  to  the  watei 
may  be  conveyed  frbm  the  River  into  a  meadow,  or  any  other 

place  that  you  will  have  it.  .  .. 

Moreover  you  may  raife  water  to  any  height  in  a  narrow 
place,  viz.  within  a  Tower  to  the  top  thereof,  as  we  have 
known  done  at  A»gu(la  in  Germany  ;  to  wir,  if  the  fpiral  m 
be  multiplied,  fo  that  the  water  being  raifed  by  the  lower  ipiral, 
and  being  poured  out  in  D  into  fome  receptacle,  or  Ciftern  y 
hence  it  may  be  raifed  higher  again  by  another.  Spiral,  and  fo 
fucceflively  by  more  fpirals,  as  high  as  you  pleafe,  all  which 
Spirals  may  be  moved  by  one  power,  viz.  by  the  water  of  a 
River  Underneath,  or  by  another  animated  Poweiv 

Thus  much'as'to  the  making  and  common  ule  of  the  Screw, 
©e  Spiral  oipe,  and  you  will  fcaice  meet  with  <my^  thing  elfe 
among  Writers,  but  that  which  contains  the  reaton  where¬ 
fore  the  water  afcends  by  the  fpiral  pipe,  contrary  to  its  natural 
gravity,  you  will  hear  the  fame  ftory  among  all  of  them  that 
I  have  read  ;  water  indeed  always  defcends  in  the  fpires  of  a 
Tube,  and  flows  naturally  to  the  loweft  place,  but  ne^eithe- 
lefs  in  the  mean  while  by  turning  round  of  die  Cylinder  ns* 
conveyed  to  a  higher  place  ;  likewife  the  weight  of  the  water 
it  felf  while  it  advances  the  fpiral  Tube,  or  pipe,  helps  its  ad- 
vancment ;  Some  fay  his  done  by  a  certain  mixt  motion  joyn  d? 
Together,  of  the  defcent  and  afcent  of  heavy  bodies,  which 
while  they  affeft  to  defcend  by  their  proper  motion,  they 
mm  through  the  Spiral  of  their  own  accord,  andune  piral  by 
the  turning  aboutof  the  fcrew,  the  weight  running  down  lei- 
furely,  and  obliquely  and  as  it  were  by  health,  raifes  it  up 
by  degrees,  I  fay,  you  will  find  thefe,  and  fuch  like  expreffions, 
or  meer  words  which  found  altogether,  the  fame  thing. 

That  we  may  therefore  fhew  the  true  cauie  of  this  motion- 
clearly  and  manifeft ly  without  ambiguous  words,  we  mult 

obferve  fome  Experiments  approved  by  us* 

Fir  ft.  Not  only  water,  or  other  Liquor,  may  aicend  by  the 
Tulpe  of  the  fcrew,  but  alfo  one,  or  more  Globes  of  any  lohd 

Secondly ,  by  how  much  greater  fwiftnefsthe  fcrew  is  turn  d 
about,  not  only  a  greater  quantity  of  water  afcends  proporti¬ 
onally  to  the  greater  fwiftnefs,  as-if  the  motion  of  the  faew 

be  doubly  fwifter,  the  quantity  of  the  water  will  be  doubly. 

greater. 
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preacer,  which  in  equal  time  will  be  poured  out  of  the  upper 
mouth  of  the  Tube,  but  a  much  greater  proportion,  io  that 
it  may  happen  that  the  motion  of  the  Cylinder  about  its  axis 
being  put  double,  the  quantity  and  confequently  the  velocity 
of  the  water  afcending  is  triple,  or  alfo  quadruple, or  quintuple ; 
and  this  appears  clearly,  if  inftead  of  water  we  place  Bullets 
or  final!  metallic  globes  in  the  channel  of  the  fcrew  5  for  it  will 
come  to  pafs  fometimes,  that  the  fcrew  being  turn  d  aDout,  the 
Globe  will  afcend  but  very  little,  or  if  it  afcends  a  little,  it 
prefently  Aides  or  falls  down  again  in  the  Tube,  but  the  ve¬ 
locity  of  turning  about  being  increaft,  it  only  afcends,  all  the 
other  circumftances  remaining  the  fame. 

Thirdly ,  the  leffer  the  axis  of  the  fcrew  is  elevated  from  the 
Horizon,  the  greater  plenty  of  water  afcends,  and  with  more 
eafe,  fo  that  the  fcrew  be  turn’d  with  the  fame  velocity,  and 
all  other  things  alike. 

Fourthly ,  There  is  not  the  fame  proportion  of  quantity  or 
water  afcending  through  a  narrow  Tube  of  a  fcrew,  to  the 
quantity  of  water  afcending  through  another  broader  Tube, 
as  is  the  Bafis  of  the  narrow  Tube  to  the  Balls  of  the  broader  T  ube  3 
for  example, let  the  narrower  Tube  be  A,  and  the  Tube  B  doubly 
broader  (  or  as  broad  again,  )  I  fay, through  the  Tube  B  there 
does  not  afcend  a  double  quantity  of  water  the  other  things 
being  alike,  but  lefs  then  double,  and  therefore  if  there  fhould 
be  two  Tubes  of  A,  and  only  one  Tube  of  B,  although  the 
largenefs  of  this,  or  the  inward  cavity  be  equal  to  the  double 
largenefs  of  the  other  two  Tubes, .  nor withftanding  it  will  not 
draw  an  equal  quantity  of.  water,  To  that  they  are  all  of  an 
equal  length,  and  in  the  fame  manner  alike,  or  the  fcrews  are 
turn’d  alike. 

Thefe  things  being  noted,  I  fay,  in  the  firft  place,  that  ’us 
falfe  which  they  commonly  affirm  (  as  is  faid  before  )  that  the 
water  does  defcend  in  any  manner  in  the  Tube  of  the  fcrew, 
and  much  lefs  to  make  a  mixt  motion  by  the  afcent  and  defcem  : 
And  this  appears  in  the  firft  place  chiefly  by  an  experiment  of  a 
GJobe  turn’d  about  in  a  Cylinder  through  ag!afsTube,fo  always 
afcending  as  ’tis  never  difcern’d  to  defcend  ( I  fpeak  in  re- 
fpe6t  of  the  Tube)  for  it  runs  towards  the  upper  part  of  the 
Tube,  never  going  back  until!  at  length  it  break  out  at  the  up* 
per  mouth  of  the  Tube  3  the  fame  which  appears  in  the  upper 
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Superficies  of  water  afeending ;  and  certainly  it  feems  to  be 
implied  in  the  terms  that  the  fame  heavy  body  ftiould  afeend 
and  defeend  together  at  the  fame  time,  for  it  will  be  moved 
together  with  twooppofite  motions,  which  is  contrary ;  as  we 
have  fhewn  before. 

The  reafon  then  why  the  water, or  Globe, or  any  other  heavy 
body,  afeends  through  the  fpiral  Tube  of  theferew,  ought  ro¬ 
be  fought  from  the  adherence  of  the  water,  or  other  body,  to 
the  inward  fuperficies  of  the  Tube,  either  from  fome  rough¬ 
nefs  of  the  fame  fuperficies,  or  alfo  of  the  folid  Globe  afeending, 
by  reafon  of  which  the  motion  of  bodies  is  hindred  in  their 
defeent  by  an  inclined  plane,  which  how  it  happens  in  the 
ferew  will  be  eafy  to  explain  from  what  is  faid. 

I  fay,  then  the  water,  or  Globe,  doth  not  always  move  in  the 
Tube,  fb  as  always  to  go  forward  further,  but  by  fome  little 
fpace  of  time,  wherein  the  Cylinder  is  turn'd  about,  the 
Globe  retts  in  the  fame  part  of  the  Tube;  but  becaufe  the  fame 
time,  in  which  the  Globe  reds  with  refpedi  to  the  Tube,  that 
part  of  the  Tube  on  which  the  Globe  reds,  afeends  by  the 
turning  about  of  the  whole  Cylinder,  it  comes  to  pafs  alfo* 
that  the  Globe  retting  in  that  part,  in  the  mean  while  is 
raifed  higher  from  the  Horizon,  and  the  other  parts  of  the 
Tube  immediately  following,  obtain  a  lower  lite  with  re- 
fpeft  to  the  Globe,  which  therefore  are  conftituted  in  a  plane 
fomewhat  inclined  ,*  then  the  rett  of  the  Globe  ceafing  in  that 
part  of  the  Tube,  it  defeends  by  that  inclined  plane  to.  the  lower 
part,  and  there  it  retts  again  (  for  as  much  as  if  it  fhoiild  pafs 
further,  it  ought  to  afeend,  which  is  contrary  to  its  natural 
gravity  )  and  while  it  retts  in  that  part,  kis>  transfeTd  again  to¬ 
gether  with  the  Tube  into  an  higher  lite,  from  whence  it  a*- 
gain  roles  down  by  another  inclined  plane  on  the  ocher  part 
of  the  Tube;  and  fo  by  degrees  is  moved  forward  even  to  the 
upper  mouth  of  the  Tube  ;  and  the  reafon  of  this*  interrupted 
motion,  or  interpolition  of  reft,  is,  as  I  laid,  the  adherence  or 
roughnefs  of  the  fuperficies  both  of  the  Tube  and  alfo  of  the 
Globe;  for  k  comes  to  pafs  that  by  fome  little  ftays  the  motion 
Is  intermitted,  while  the  movable  body  finds  refitta nee  in  the 
rough  plane. 

Fig.  1 6$.  And  there  is  another  reafon  befides  the  forefaid 
refiftance  of  Roughnefs,  or  adherency  of  bodies,  which  very 

much  moves  forward  fuch  motion :  to  wit,  the  impreft  Im¬ 
petus 


Book  IX.  Mechanic 4  Powers.  2  5  j 

petus  of  motion  in  the  oppofite  part  of  the  Globe, or  water.  Let 
the  Horizontal  line  be  A  B,  above  which  the  axis  of  the  fcrew 
A  C  is  raifed,  and  let  the  fpiral  Tube  be  D  E  I  L  M  N.  Now, 
for  example,  if  the  Globe  of  lead  be  in  part  of  the  Tube  E,  and 
the  Cylinder  be  turn’d  about  with  a  motion  from  E  towards 
G  D  3  while  the  Globe  reds  a  little  in  part  of  the  Tube  E, 
in  as  much  as  that  part  together  with  the  Globe  reding  is  raif¬ 
ed  by  the  turning  about  of  the  Cylinder  into  a  place  nearer 
the  horizontal  line,  viz**  into  F,  and  in  the  mean  while,  the 
part  of  the  Tube  H  is  deprefFed  to  Qj  from  whence  it  comes  to 
pads  that  part  of  the  Tube  is  condituted  in  the  inclined  fite  P 
and  therefore  the  Globe,  which  was  found  in  P  defcends 
through  that  part  of  the  Tube,  or  inclined  plane  from  P  in 
Q,  where  you  fee  now  the  Globe  advanced  higher  above 
the  Horizon  5  for  the  point  is  more  didant  frorn^  the 
Horizon  A  B,  than  the  point  E,  where  the  Globe  was  before  j 
again  in  Q^,  becaufe  of  fome  reddance  which  it  cannot  over 
come  through  the  little  day  of  time  reding,  ’tis  raifed  as  be¬ 
fore  with  part  of  the  Tube  in  the  fame  point  Qj  then  an- 
fwering  to  the  time,  from  whence  again  after  reding,  it  falls 
down  in  the  other  part  of  the  Tube,  and  fo  fuccedively  in  de- 
fcending  it  truly  afcends,  but  not  fo  as  to  afcend  in  the  fame 
time  in  which  it  defcends,  and  therefore  it  cannot  be  faid, 
truly  (peaking,  that  it  afcends  in  defending,  nor  that 
that  motion  is  properly  compofed  of  afcent  and  defcenr. 
Wherefore  it  afcends  in  that  part  of  time  in  which  ’  tis  hindred 
by  the  adherence  to  the  inward  fuperdcies  of  the  Tube,  or  its 
roughnefs,  that  ’tis  not  moved  forthwith,  but  it  defcends 
after  that  fmall  day,  or  little  red,  and  becaufe  it  defcends 
more  oblique  than  before  it  afcended,  therefore  the  defcent 
is  lefs,  condder'd  abfoliltely  and  in  a  perpendicular  line  than 
is  the  afcent  3  and  therefore  after  all  the  defcents  it  will  be 
found  higher  above  the  Horizontal  line. 

Add,  that  after  each  defcent,  to  wit,  after  the  defcent  from 
G  in  E,  it  doth  not  prefently  reft  in  the  lowed  place  E,  due  to 
it  naturally,  but  by  the  acquired  impetus  in  defcending  by 
the  inclined  plane  G  E,  it  afcends  alfb  further,  viz,,  to  H,  e- 
fpecially  dnce  the  point  of  the  tube  H  defcends  in  the  mean 
while, and  paftes  away  the  globe,  that  therefore  it  may  fhun  the 
fteepnefs  frornE  in  H,  by  being  fuccedively  lighter,  and  afcend 
eaiier. 
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Finally,  to  the  facillitating  of  this  motion  of  the  globe  the 
impreft  Impetus  of  the  tuoe  concuis  to  the  oppolite  pait  of 
the  motion  of  the  globe,  for  it  is  found  by  experience,  that 
the  Globe  defcends  more  fwift  on  an  inclined  plane,  being 
moved  (  for  example  )  from  the  Eafi  towards  the  Weft,  if  in 
the  mean  while  that  it  defcends,  the  inclination  remaining  the 
fame,  the  plane  be  transfer’d  by  an  oppolite  motion,  to  wit, 
from  the  Weft  towards  the  Eaft,  lince  therefore  while  the 
Globe  defcends,  by  the  inclined  part  of  the  Tube  from  G  in 
E  or  alfo  while  it  afcends  further  from  EinH,  the  Tube 
by  the  Circumvolution  is  moved  by  an  oppolite  motion  from 
H  towards  E  an<fG,  it  come  to  pafs  from  fuch  motion,  or 
from  the  oopofite  Impetus  of  the  Tube,  it  acquires  a  greater 
velocity  :  Bur  likewife  this  mu  ft  be  obferved,  that  as  often  as 
the  oppolite  Impetus  of  the  Tube,  or  of  the  inclined  plane  a- 
vails  to  the  velocity  of  the  motion  of  the  globe,  lo  often  the 
Globe  fullers  feme  cubing  or  wearing  with  the  plane  that  lies 
under  it:  Wherefore  from  the  beginning  to  the  end,  ah  the 
reafon  of  the  motion  of  the  Globe  in  the  fpiral  Tube  of  the 
fcrew,  feems  to  be  founded  on  the  forefaid  adherence,  or  re- 
liftance  of  bodies  in  the  coma#  of  feperfkies.  And  what  we 
have  faid  concerning  the  Globe,  the  fame  may  altogether  be 
faid  of  water,  or  of  any  other  body,  notwithftanding  we 
have  made  ufe  of  the  Globe,  in  the  example,  becauie  if  the 
experiment  be  made,  as  we  have  oftentimes  cone  in  ft,  oil 
thefe  things  clearly  appear,  which  hitherto  we  have  laid  ; 
And  that  the  Globe  may  be  mariifeft  to  the  eye,  and  the  reafon 
of  its  motion  may  be  obferved,  either  we  muft  make  ule  of  a 
glafs  Tube,  or  the  fecret  hollow  channel  about  the  Cylinder 
muft  be  of  tranfparent  ftone  to  fee  through ;  or  you  may 
eafily  put  a  double  wyre  about  the  fpiral  Cylinder,  fo  that 
that  Iron  thred,or  wyre,  touch  not  the  Cylinder,  but  ftand 
above  it  about  half  an  Inch,  and  the  lame  diftanCL  a,fo  betw  een^ 
it  fell',  and  therefore  fame  quadrangles  intercept  the  Ipace  of 
way,  on  which  the  Globe  is  placed  as  it  were  on  a  channel, 

or  groove.  e  .  _ 

From  what  hath  been  faid  his  manifefl,  in  the  nr  ft  place, 

how  the  motion  of  bodies  which  are  railed  by  means  oi  this 

'  Engin,  are  reduced  to  motion  by  an  inclined  plane. 


Secondly , 
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Secondly,  a  reafon  appears  why  .the  turning  the  Cylinder 
about  with  a  greater  velocity,  or  more  twiftiy,  that  it  doth  not 
only  raife  greater  plenty  of  water  proportionally,  but  alio 
makes  the  lame  afcent  more  abundantly  eao'  ,  for  lince  the 
oppofite  motion  of  the  Tube  avails  much  to  the  afcent  of  the 
water,  as  we  have  faid,  by  how  much  1  witter  tms  motion 
is  which  is  made  by  turning  about  of  the  Cylinder,  by  fo  much 
the  more  the  afcent  of  the  water  is  advanced.  , 

'  Add,  that  that  little  fpace  of  time  which  die  water  or  the 
Globe  reds  in  fame  lower  part  of  the  Tube  us  tailed  highei, 
that  therefore  the  reft  ceafing  it  ought  to  defeend  lefs,  and 
"Ter  the  defoent  ’tis  now  much  higher  raifedabove  the  Horizon 
to  befoS;  moreover,  Cnee  .he,  lit.fc  toy  o  , he  Globe  h», 
D“ns  from  the  impediment,  or  roughnefs  of  the  rube, fuppoft 
fee  Globe  to  be  in  E,  and  feme  impediment  or  roughnefs  in 
he  Superficies  of  the  Tube,  to  be  in  its  way  on  the  part  to¬ 
wards  H  •  when  this  kind  of  roughnefs  is  moved  forward  to¬ 
wards  P  or  G,  and  let  that  which  raifes  the  Globe  be  as  far 
asP,  if  the  Tube  be  moved  more  fwifcly,  it  imprefles  a  gieater 

InS|,a"t1  m?nifoft  alfS'  why  if  the  ferew  be  lefs  elevated 
above  the  Horizon,  that  the  water  afcends  the  eafiei,  I  fay,  the 
eafier  feat  is,  with  lefs  force  and  labour  of  him,  or  that  winch 
turns' the  Cylinder:  (for  if  the  Cylinder  being  turn  d  about 
wife  the  fame  fwiftnefs,  an  equal  quantity  of  water  ihould  af- 
™d  whether  it  be  more  or  lefs  mclmded  )  the  reafon  is 
feafofold:  Firft,  becaufe  when  the  Axes  AC  are  more  Elevated 
fee  weight  gravitates  more  upon  the  prop  of  the  Axis  in  A,, 
but  S  upon  fee  prop  in  C,  but  if  the  Axis  be  lefs  railed  above 
tue  Horizon,  or  comes  nearer  to  an  Horizontal  fite,  the  whole 
height  is  diftribuced  to  the  Props  A  and  C  with  efs  inequality, 
from  whence  it  comes  to  pafs  that  the  Circumvolution  or  turn¬ 
ing  about  is  eafier.  Secondly ,  and  chiefly  becaufe  the  entiance 
ofSthe  water  into  the  Tube  by  the  lower  mouth  D,  refifts  and 
ft  rives  feainft  the  weight  or  preflure  of  the  water  which  is  in 
the  whole  Tube,  and  that  weight  or  force  of  jpreffure  is  not 
computed  from  the  quantity  ot  water  which  is  in  the  1  ubc  (  foi 
foaTis  Sways  the  fame  whether  the  Cylinder  be  more  or  lefs  in- 
S  Sis  computed  from  .he  grea.er  or  I fcfo  perpend.cu 
therefore  when  the  perpendiculai  C  h  is  &i eater,  tne 
wata  exifting  within  the  Tube  prelfes  more,  and  refifts  more  foe 
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enterance  of  the  water  by  the  mouth  D,  fince  therefore  that  force 
or  prdfure  ought  to  be  overcome  by  the  power  turning  the  Cy¬ 
linder,  as  often  as  the  mouth  D  draws  new  water,  it  appears 
why  the  ferew  being  elevated  higher  is  moved  with  more 
difficulty  :  Hence  you  may  be  fatisfied  that  lis  falfe  that  fome 
fay,  that  water  therefore  afeends  eaiier  by  a  ferew  lefs  elevated, 
becaufe  the  way  and  acclivity  of  motion  is  lefler,  as  if  water 
in  afeending  by  a  plane  more  deep  is  alfo  more  wearied, which 
is  foolifh  :  Hence  alfo  it  is,  that  a  folid  Globe  is  elevated  almod 
with  equal  facility  through  the  Tube  of  the  ferew,  whether 
the  Cylinder  be  more  or  lefs  inclin’d  5  for  in  this  cafe  each  rea- 
fon  aforefaid  ceafesyand  the  fecond  reafon  ceafes  wholly,  fince 
in  each  circumvolution  of  the  Cylinder  a  new  Globe  is  not 
raifed.but  that  only  which  is  moved  forward  in  the  Tube:  And 
the  firft  reafon  alfo  hath  fcarce  any  room,  if  we  fuppofe  the 
Cylinder  alone  not  to  gravitate  much  upon  the  Prop  or  flay 
on  which  the  ends  of  the  axis  red  upon. 

And  from  hence  it  appears  why  it  cannot  be  determined, 
how  much  the  inclination  of  the  Cylinder  ought  to  be  ele¬ 
vated  above  the  Horizon  3  for  this  ought  to  be  confider’d  not 
abfolutely,  but  with  refpedl  to  many  other  things,  and  chief¬ 
ly  to  thefe  three,  to  wit,  to  the  velocity  whereby  the  Cylinder 
is  turn’d  about ;  for  if  it  be  turn’d  about  more  fwiftly  it  may 
be  more  elevated,  and  neverthelefs  the  water  will  afeend 
through  the  tube.  Secondly,  to  the  greater  or  leffer  adhe¬ 
rence  of  the  water,  or  other  Liquor,  to  the  inward  fuperficies 
of  the  foirai  tube  ;  for  when  this  adherence  is  greater,  the 
water  doth  lefs  gravitate  upon  the  lower  mouth  of  the  Tube, 
and  befides  it  more  eafly  contains  the  Impetus  from  the  mo¬ 
tion  of  the  Tube  in  that  manner  which  is  fliewn  a  little  before. 
Thirdly,  and  chiefly  to  the  obliquity  of  the  winding  compafs 
of  the  Tube,  for  if  the  fpiral  or  winding  compares  be  thick¬ 
er  and  clofer  together,  and  more  near  each  to  other,  the  Tube 
will  be  longer,  and  therefore  the  way  and  motion  of  the  wa¬ 
ter  longer  before  it  comes  to  the  upper  parr  of  the  Tube,  but 
neverthelefs  by  reafon  of  the  greater  obliquity  of  the  fpiral, 
the  lower  water  gravitates  lefs,  and  afeends  eaiier,  and  there¬ 
fore  the  Cylinder  may  be  raifed  higher  above  the  Horizon. 

According  to  the  variety  therefore  of  thefe  circumftances  the 
inclination  of  the  Screw  may  be  varied  :  Norwithihnding  this 
univerfal  precept  mull  be  obferved,  to  wit,  that  the  Cylinder 
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A  C  be  never  elevated  above  C,  to  fuch  an  height,  that  the 
fpiral  of  the  Tube  D  E  or  I L  or  M  N  appear  parallel  to  the 
Horizon  AB;  for  the  point  of  the  Tube  D  ought  to  be  high¬ 
er  than  E,  and  the  point  I  higher  than  L,  and  fo  of  the  reft; 
otherwife  the  water  being  in  part  of  the  Tube  D  E,  will  flow 
out  at  the  mouth  D  before  it  be  moved  forward  any  further 


in  the  Tube. 

Fourthly,  from  what  is  faid,  ^ that  queftion  may  be  re¬ 
folded  to  wit,  whether  or  no  ’tis  moft  convenient  to  have  one 
jai-ge  Tube  to  turn  round  with  the  Cylinder,  or  many  fmali 
ones  ;  Father  affirms,  that  if  one  fpital  Fuoe  ci i — 

cumfcribe  the  whole  Cylinder,  fuch  a  limple  fcrew  will  pour 
out  as  much  water,  as  if  there  were  many  Tubes,  and  fome- 
what  more,  and  he  affignes  this  reafon,  becaufe  many  ipirals 
of  a  Tube  by  reafon  of  their  thicknels  which  they  mult  have 
ought  to  occupy  more  room  in  a  Cylinder  than  the  thicknels 
of  one.  But  although  this  be  moft  true,  yet  our  queftion  is 
not  whether  more  water  mayafcendby  one  Tube  only  than 
by  more ;  for  example,  unlefs  three  Tubes  taken  together  are 
equal  to  one  other  larger  Tube,  ’tis  certain  that  greater  plenty 
of  water  may  alcend  by  that  one  latger  Fube;  but  the  queftion 
is  whether  or  no  fuppoling  that  thole  thiee  t  ubes,  be  exactly 
equal  to  the  Capacity  of  one  larger  Tube,  and  let  the  Cylinder 
be  capable,  that  is  fitted  either  to  the  three  fmali  Tubes,  or 
to  the  other  larger  one,  I  fay,  *tis  to  be  confider  d,  whe- 
ther  to  make  ule  of  the  one  large  one,  or  thole  three  fmali 


And  to  this  Queftion  I  anfwer.  It  would  be  better  to  ufe 
three  fmali  Tubes  (  fo  that  they  do  not  gravitate  more  by  their 
weight  on  the  prop  fuftaining -the  Cylinder )  than  one  laigei; 
and  not  only  becaufe  fas  we  have  faid  appears  )  in  the  hire- 
laid  experiment )  that  they  raife  more  water ;  but  itkewne 
becaufe  it  afeends  eafier,  and  with  lefs  ftrength  of  the  power 
moving  the  Engin.  The  reafon  is,  becaufe  although  the 
three  Bafes  of  the  leffer  Tubes  be  equal  to  one  Bale  of  the 
larger  Tube,  and  they  are  fuppofed  all  of  an  equal  height, 
nevenheiefs  it  gravitates  or  prefles  lefs  in  the  triple  bale,  or 
in  the  lower  mouth  of  the  fmaller  Tubes,  than  the  watei  ^gia- 
vitates  in  one  bafe  only,  or  in  the  mouth  of  the  iaigu.  lube, 
and  that  therefore  becaufe  although  the  Capacity  oi  tne  thiee 
Tubes  be  equal  to  the  Capacity  of  the  one  i  ube,  neveuhcleis 
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the  inward  fuperficies  of  the  three  Tubes  is  at  leaft  doubly 
greater  the  inward  fuperficies  of  the  one  larger  Tube,  and  force 
the  adherence  of  the  water  is  greater  where  the  fuperficies  is 
greater  to  which  it  adheres,  and  fince  it  afeends  eafiet  and 
gravitates  lefs  upon  the  bafe  when  the  adherence  is  greater^ 
it  appears  to  gravitate  lefs  on  the  bales  of  the  three  Tubes,  aiid 
in  them  the  water  afeends  more  eafiiy.  I  add  alfo,  that  the 
water  is.  eafier  drawn  if  it  be  drawn  fucceflively  by  many 
Tubes  by  one  circumvolution  of  the  Cylinder,  than  if  the  whole 
be  drawn  with  one  turn  by  one  Tube.. 

From  the  forefaid  greater  adherence  of  the  water  of  the 
fmaller  Tubes  it  comes  to  pafs  alfo,  that  although  the  Cylin¬ 
der  be  turn'd  about  with  lefs  fwiftnefs,  yet  the  weight  of  the 
water  cannot  fo  eafiiy  overcome  that  adherence  and  fall  back 
again  downward,  as  happens  in  wider  Tubes,  which  unlefs 
they  are  moved  fwifiJy  the  water  by  its  weight  eafiiy  goes, 
back  more. 

Hence  alfo  we  efteem  it  a  thing  not  altogether  impofiible  to 
to  make  a  ferew  with  fuch  artifice,  that  by  means  thereof  the 
perpetual  motion  may  be  obtain'd,  for  the  afeent  of  water  or 
of  other  heavy  bodies  feems  eafieft  of  all  by  the  ferew. 

And  that  this  motion  may  be  rendered  yet  eafieiv  fome  in¬ 
genious  things  occur  to  my  mind  which  I  believe  may  be 
made  ufe  of  with  fome  profit. 

The  firft  is,  when  you  put  one  or  rather  more  Tubes  about 
a  Cylinder,  within  each  of  which  you  may  put  cotten  thred, 
extended  from  one  end  to  the  other  5  for  by  this  means  the 
adherence  of  the  water  increafes,  and  creeps  along  more 
eafiiy  through  the  Tubes,  although  the  quantity  be  lefs,  alt 
one  as  if  one  large  Tube  were  divided  into  many  fmalf 
ones.. 

Fig,  1:66.  The  Second  is,  fince  the  rubing  or  wearing  of  the 
Poles  of  the  Axis  on  the  Prop  or  flay  on  which  they  reft,  is  the 
chief  impediment  of  all,  to  the  Circumvolution  of  the  Cylin¬ 
der,  and  fince  there  is  a  greater  rubing  and  refiftanee  on  the: 
lower.  Prop  A,  by  the  greater  gravitation  there  than  in  B,  the 
rubing  may  be  hinder’d,  if  nor.  wholly,  at  lead  in  great  parr, 
by  affixing  a  Wheel,  or  rather  a  Tyrnpme  CD,  to  the  lower 
part  E  of  the  Cylinder  A  B,  which  Tympane  mull  be  hollowed 
within  or  void,  not  only  the  lower  part  D,  by  reafon  of  its 
Mghmefs  will  fwim  upon  the  water,  but  alfo  it  will  fuftain  the 

Cylinder,,. 
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Cylinder,  fo  that  its  Pole  A  within  the  notch  of  the  Prop 
may  be  turn’d  about  without  any  refinance. 

F/g.  1 67.  The  third  is,  that  the  Cylinder  be  made  of  light 
matter,  for  the  lighter  it  is  the  eafier  his  turn’d  5  wherefore 
it  will  be  fufficient  to  fit  the  Tubes  fo,  and  to  turn  them  about 
in  Spirals,  that  they  will  need  no  Cylinder  to  fuflain  them  3  for 
it  will  be  fufficient  if  in  the  extream  heads  of  the  Tubes,  you 
fit  two  little  Wheels  A  B,  CD  with  their  Axes  fixed  in  the 
Centers.  For  unlefs  they  be  very  big  and  large,  and  the  Cy¬ 
linder  very  long,  they  cannot  eafily  be  bent  by  the  water, 
or  by  their  proper  weight,  and  efpecially  if  they  are  made  of 
rough  matter,  viz,,  of  thin  Iron  plates  cover’d  over  with  Tin 
or  Glafs,  &c.  Or  if  you  fear  the  bending  of  the  Tubes,  you 
may  fit  here  and  there  in  ftead  of  the  whole  Cylinder,  two 
or  three  rulers  extended  according  to  the  length  from  A  to  C, 
and  from  B  to  D,  which  rules  or  Spears  fupport  die  Tubes, 
leaft  they  bend  in  the  middle.  Likewife  you  may  fo  turn 
about  many  fmall  Tubes  fpirally,  one  immediately  near  to  a- 
norher,  that  they  being  all  united  together,  make  one  whole 
Cylinder,  or  rather  a  Tube,  which  refembles  a  Cylinder  made 
hollow  within. 

Fourthly,  If  you  defire  to  raife  not  Water  but  a  folid  Globe 
by  a  Pulley,  you  need  not  make  ufe  of  a  Tube  ;  two  iron 
wyers  turned  about  fpirally  parallel  to  each  other,  and  faftned 
to  the  extream  heads  in  the  Circumference  of  the  little  wheels 
A  B  and  C  D,  will  be  fit  for  that  purpofe ;  and  thofe  wy¬ 
ers  ought  to  be  fomewhat  lefs  diftant  from  one  another,  than 
the  thicknefs  or  diameter  of  the  Globe ;  for  fo  the  Globe  will 
be  detain’d  within  each  wyer  always  in  the  lower  parts  of  the 
fpirals,  and  will  afcend  by  degrees  by  thofe  fpirals  being  turn’d 
about. 

Fig.  1 68.  Alfo  it  may  be  made  of  two  thin  plates  of  Mettal, 
or  of  one  only  made  hollow  after  the  manner  of  a  Channel  or 
Groove  j  yea,  we  have  made  a  fcrew  fit  to  take  up  a  leaden 
Globe  or  Ball  of  an  inch  Diameter,  of  thick  paper  or  paftboard 
turn’d  about  fpirally,  to  wit,  the  Tube  of  them  which  com- 
pofe  a  Tellefcope  we  have  cut  fpirally,  fo  that  the  Globe  is  de¬ 
tain’d  within  the  fpiral  cleft,  and  will  afcend  by  the  fame  deft, 
the  Tube  being  turn’d  about.  Moreover  one  plate  of  metta] 
only  may  be  turn’d  about  a  Cylinder  which  afcends  fpirally, 
and  flicks  out  every  where  above  the  fuperficies  of  the  Cylinder, 
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one  or  more  inches,  according  as  the  magnitude  of  the  Globe 
to  be  raifed  requires,  and  the  plate  mud  be  of  fuch  a  breadth, 
as  is  the  Diameter  of  the  Globe,  or  a  little  more,  and  ere&ed 
perpendicularly  upon  the  fuperfieies  of  the  Cylinder,  and  one 
of  its  fidesfaftned  to  the  fame  Cylinder;  then  the  Cylinder 
being  elevated  in  an  oblique  fite  to  the  Horizon ;  tor  Exam¬ 
ple,  in  the  fite  A  B,  and  the  Axis  leaning  or  flaying  upon  its 
prop,  the  hollow  plate  of  mertal  D  C  is  fitted  under  the  Cylin¬ 
der,  which  remains  unmoveable  in  the  fame  oblique  fite,  and 
then  being  diflant  a  little  from  the  fpiral  plate,  fo  that  as  ft 
were,  it  is  razed  fay  the  fubjedled  channel  or  hollow  plate  be¬ 
ing  turn’d  about.  Then  if  you  place  a  Globe  on  this,  and7 
turn  about  the  Cylinder,  the  fpiral  will  move  forward  the 
Globe  by  that  inclined  Channel  from  D  in  E,  and  from  E  to 
F,  &c. 

The  fame  power  or  ftrength  muft  be  applied  here,  as  a 
fcrew  hath  to  raife  water,  or  another  body,  of  which  we  have 
fpoken  elfewhere  concerning  the  common  Screw;  for  as  you 
fee  the  motion  or  elevation  of  weight  by  rhis  fcrew  of  Archi - 
medes ,  is  indeed  a  motion  by  an  inclined  plane,  where  that 
univerfal  principle  always  takes  place,  that  the  inereafe  of  force 
is  taken  from  the  proportion  of  the  velocity  of  the  power  mo¬ 
ving,  to  the  velocity  of  the  weight  moved  ;  wherefore,  if  for 
example,  as  in  the  prefent  figure  the  fpiral  being  four  times 
turn’d  about,  the  Cylinder  be  iz  feet,  and  the  Globe  afcend 
from  D  to  F,  in  the  plane  or  inclined  Channel  D  C  two  feetr 
the  power  as  z  may  raife  the  weight  as  12. 

What  we  have  (aid  hitherto  concerning  ^  CyKndric  fcrew, 
may  alfo  be  underflood  of  a  Conic  fcrew,  for  inffead  of  a 
Cylinder  we  may  ufe  a  Cone  to  which  the  Tube  may  be  fpirally 
turn'd  about,  as  is  commonly  known.  And  although  fomo 
prefer  a  Cone  before  a  Cylinder,  yet  we  fee  not  any  effedt 
that  it  performs  better  y  therefore  fince  a  Cylindric  fcrew  is 
eafier  prepared,  we  may  ufe  the  fame  moft  fafely,  and  perhaps* 
moil  profitably,  at  leaft  in  many  cafes. 

Many  other  things  occur  which  may  be  faid  concerning  this- 
Engin,  which  in  our  opinion  are  very  Ingenious,  for  writers 
have  fcarcely  fhewn  any  thing  worthy  of  eonfideration  to 
Pofterky  in  this  matter  although  it  be  very  capacious,  as  may 
be  eafily  underload  from  thofe  things  which  we  have  briefly 
ftewn,  with  which  we  fhall  conclude  this  ninth  and  laftBook 
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of  Mechanick  Towers.  Giving  all  honour  and  Praifc  to 
that  great  Mailer  of  Arts,  and  Fountain  of  ail  Wifdom,  the 
Omnipotent  God  Bleffed  for  evermore. 

I  had  here  put  an  end  to  Mechanick  Towers,  but  meeting 
with  forne  new  inventions  relating  thereto,  lately  pubfifht  in 
France  by  an  able  Mathematician ,  which  if  put  in  practice  may 
be  ufeful  and  beneficial  in  Engins ,  I  thought  fit  to  add  them 
by  way  of  Appendix,  and  they  are  thefe  that  follow. 
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Of  Epicycloids^  and  their  ufe  in  Mcchanicks* 


. Definitions * 

"F  rhe  circle  A  B  D  be  routed  or  turn’d  about  upon  the 
arch  A  t-J  of  any  Circle,  the  point  D  which  is  the 
extream  or  end  of  the  Diameter  A  D,  will  by  its  mo¬ 
tion  defcribe  the  Line  D  14,  15,  16,  ij  J9  which  is 
called  an  Epicycloid. 

The  circle  A  B  D  is  called  the  generating  circle  of  the  Epi¬ 


cycloid. 

The  arch  A  h  d  is  the  Bafe  of  the  Epicycloid ... 

If  the  generating  circle  roul  on  the  out  fide  of  the  circle  of 
the  Bafe,  the  Epicycloid  is  called  Exterior ,  or  Outer  :  But  if  the 
generating  circle  roul  on  the  infide  of  the  circle,  the  Epicycloid 

is  called  Interior or  Inner .  #  r 

The  fpace  contain’d  by  the  Epicycloid ,  and  by  its  Bafe,IscaD 

led  the  jpace  of  the  Epicycloids 
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Dimenfion  of  the  Space  of  the  EpicycloicL 

Lemma  i. 

EVy.  T  ET  the  Semicircle  be  A  P  p  R,  whofe  diameter  is  A 
170.  Jlj  and  its  centre  K;  having  drawn  the  line  P  p  Parallel 
to  A  B,  and  meeting  the  circle  in  the  points  P  p,  from  any 
point  C  of  the  diameter  A  B  drawn  longer,  draw  the  lines  C  P, 
Cpy 

l  fay,  the  fum  of  the  right  lines  C  A,  C  P,  is  to  the  fum 
of  the  right  lines  C  B,  Cp,  as  the  difference  of  the  right  lines 
C  B,  C p  is  to  the  difference  of  the  right  lines  C  A,  CP;  or 
elfe,  which  is  the  fame  thing,  the  Rectangle  made  of  the  fum 
of  the  lines  C  A,  CP  and  their  difference,  is  equal  to  the 
reftangle  made  of  the  fum  of  the  lines  CB,  Cp-  and  their 
difference. 

Lemma  a. 

Fig .  171.  In  the  Triangle  C  A  V  if  the  right  lines  P  X,  p  G, 
B  M  being  parallels  to  the  bafe  A  V,  cut  the  fide  C  A,  fo  that 
the  fum  of  C  A  and  C  P,  be  to  the  fum  of  C  p,  C  B,  as  the 
difference  B  p  the  Segment  of  the  lad,  is  to  the  difference  P  A 
of  the  firff. 

I  fay,  that  the  Trapezias  M  p,  AX  are  equal  between  them- 
felves. 

■y,  *  urxp  •  :  rnu’J  1  •  .a.  uo-  ?;  •  '  .  ;  •  ; 

'  ;  . .  .  •  Lemma  3. 

f'  •*  =  T  f  '■  - 

w  -  •  v  •-  .  ■  -  •  -  -  •  -n  ‘ 

Fig .  171.  Let  the  Semicircle  be  A  D  E  B,  and  on  its  diame¬ 
ter  A  B  prolonged  or  not  prolonged,  let  the  point  C  be  taken, 
and  draw  any  right  line  D  E  Parallel  to  the  diameter  A  B 
which  meets  with  or  touches  the  circle  in  the  points  D,  E ; 
From  the  Centre  C,  with  the  Semidiameters  C  A,  C  D,  C  E, 
C  B,  defcribe  the  arches  of  circles  A  F,  DPG,  Ep  H,  B  I, 
which  meet  with  any  right  line  as  CF  drawn  from  the  centre 
C,  in  the  points  F,  G,  H,  i. 

I  fay,  that  the  fourfided  mixt  figures  A  F  G  P,  p  H I B  are 
equaffaeiWeen  themfelves. 
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DemoTiftration.  -  •  * 

Make  the  right  line  A  f  equal  to  the  arch  A  F,  which  mutt 
make  with  the  diameter  C  A,  the  right  angle  C  A  f\  having 
drawn  C  f]  draw  alfo  the  right  lines  P  g,  p  h^  B  i,  parallel  to 

A  f. 

Tis  evident  by  conftraSion  that  the  ti iangle  C  A /is  equal 
to  the  Seftor  C  A  F :  In  like  manner,  the  Triangle  C  Pg  isequal 
to  the  fedtor  C  PG,  wherefore  if  from  the  equals  C  A  f]  C  A  F, 
you  take  away  the  equals  C  Pg,  C  P  G,  the  remain  will  be  equals 
to  wit,  the  Trapezia  AP  gf,  and  the  four  fided  mixt  figure 
APGF.  We  may  demonftrate  in  the  fame  manner  that  the 
Trapezia  phi  B,  is  equal  to  the  mixt  figure  pH  IB. 

But  by  the  firft  Lemma  the  fum  of  the  right  lines  C  A,  CP, 
is  ter  the  fum  of  the  right  lines  C  py  C  B,  as  the  difference  of 
C  p ,  C  B  which  is  p  B,  is  to  the  difference  of  C  A,  C  P,  which 
is  A  P  j  wherefore  by  the  2d.  Lemma  the  Trapezia  A  fgp  will 
be  equal  to  the  Trapezia  phi  B,  and  the  mixt  figures  A  F  G  P, 
p  H I B  which  are  equal  to  the  Trapezias  are  alfo  equal  between 
themfelves. 

Lemma .  ^ 

Fig .  iyj.  If  the  circumference  of  the  Semicircle  A  B  D  Be 
divided  into  equal  parts  between  themfelves  in  the  points 
E  F  G  B  H  I,  &c.  and  the  number  of  thefe  parts  be  even 
and  indefinite,  and  on  the  diameter  A  D  prolonged  or  not 
prolonged  you  draw  from  the  point  Y  as  a  centre  the  a'rclies 
of  a  circle,  whofe  radius’s  are  the  difiances  Y  A,  Y  E,  Y  F,  Y  G, 
&c.  and  let  the  length  of  the  arch  A  cl  deferibed  by  the  point 
A  be  equal  to  the  circumference  of  the  Semicircle  AB  D,  and; 
let  the  Arch  A  d  be  divided  into  as  many  equal  parrs  efgh  as<; 
is  in  the  Semicircle  A  B  D  :  Then  having  drawn  the  Rady  from? 
the  centre  Y  to  the  divifions  efg  b  h,  &c\  then  you  will  have 
the  mixt  four  fided  figure  A  D  X  d  divided  into  an  indefinite 
number  of  little  mixt  four  fided  figures  which  will  have  the 
following  properties. 

Becaute  the  equal  divifions  of  the  Semicircle  may  be  drawn 
by  the  points  of  divifion  of  the  right  lines  K  E,  I  F,  H  G,  ekv 
which  will  be  parallel  to  the  diameter  DA  of  the  circle” 
therefore  by  the  3d .  Lemma  the  four  fided  figures  d y-  R  k?. 
X  z,  a  4,  will  be  equal  between  themfelves  being  equally  re¬ 
moved, 
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moved  from  the  extreams:  But  alfo  thofe  which  are  contain'd 
between  the  fame  circles  will  be  equal  between  themfelves, 
becaufe  of  the  equal  divifions  of  the  arch  A  bd-,  wherefore 
the  4  fided  figure  A  e  E  r  will  be  equal  to  the  4  Tided  figure 
X  z,a  4. 

We  may  demonftrate  in  the  fame  manner  that  the  4  fided 
figure  2  X  4  t  is  equal  to  the  4  fided  figure  d  3  f  k  or  A  e  18  ^ 
and  fo  of  the  reft. 

Tis  evident  in  each  Sefilor,  as  Y  X  4  or  Y  d  k,  that  the 
four  Tided  figures  are  equally  removed  from  the  extreams,  as 
2  X  and  3  u  are  alfo  equal  between  themfelves ;  for  the  4  fided 
figures  X  x  and  d  u  are  equal,  the  4  fided  figures  X  t  and  d  s  are 
alfo  equal  by  the  foregoing  Lemma  :  Wherefore  if  the  greater 
be  taken  from  the  Idler,  the  remains  which  is  the  4  fided 
figures  2  x  and  3  u  will  be  equal,  and  fo  of  the  reft. 

Lemma .  50 

The  fame  things  being  put  as  before  and  in  the  fame  figures, 
if  you  draw  the  diagonal  line  DLMNOi,  compounded  of 
an  indefinite  number  of  fmall  right  lines,  which  in  the  4  fided 
figure  A  DXi,  divides  in  two  diagonal  wife  all  the  fmall  4 
fided  figures,  which  are  in  the  diagonal  from  the  angle  D  even 
to  dy  as  appears  in  the  figure,  by  the  lines  D  L,  LM,  M  N, 
N  O,  &c. 

I  fay,  that  the  4  fided  figure  A  D  X  d  is  divided  in  two, 
equally  by  the  diagonal  D  O  d , 

'Tis  not  difficult  at  all  in  this  place,  to  grant  that  the  fmall  di¬ 
agonals  which  are  from  right  lines,  divide  in  two  equally  their 
particular  quadrilaters,  or  4  fided  figures,  and  that  the  differ¬ 
ence  which  is  between  the  true  divifion  and  this, is  not  found  con- 
fiderable,  and  feeing  we  may  always  find  a  lefs  magnitude  than 
any  given,  becaufe  that  the  quadrilaters  which  are  divided,  are 
fuppofed  indefinitely  fmall  as  is  commonly  accepted  in  the  life 
of  Indivifibies. 

Now  by  that  wh ich  is  demonftmred  in  the  precedent  Lemma^ 
’tis  evident  that  the  Quadrilater  AL  is  equal  to  the  quadrilater 
X  Ry  In  like  manner  the  Quadrilater  e  M  is  equal  to  the  Qua- 
drilater  4  Qj  the  Quadrilater/  N  equal  co  the  Quadrilater  5  P, 
and  fo  of  the  reft. 

/on 
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Wherefore  all  the  like  Quadrilaters  together  on  Ope  fide 
of  the  Diagonal  DLMNOP,  &c .  will  be  equal  to  all  the 
Quadrilaters  on  the  other  fide.  But  the  line  D  L  N  O  P  <1 
which  divides  diagonal  wife  all  the  fmall  Quadrilaters  which 
are  in  the  diagonal,  is  fuppofed  to  divide  alio  in  two  equally 
all  thofe  quadrilaters  ;  therefore  this  diagonal,  which  may  be 
confider’d  as  a  crooked  line,  divides  equally  in  two  all  the  great 
Quadrilater  ADXJj  which  was  to  be  Demondrated. 

Scholium . 


If  we  fuppofe  that  the  point  Y  which  is  taken  on  the  dia¬ 
meter  A  D  is  infinitely  Iengthned  from  the  circle  A  B  D,  there 
may  be^  right  lines  perpendicular  to  the  Diameter  A  D,  in 
dead  of  the  Arches  of  circles,  which  pafs  through  the  points 
D  K  I  H  A,  of  which  A  d  is  one,  which  is  put  equal  to  the 
circumference  of  the  Semicircle  A  B  D*  and  which  is  divided 
into  fo  many  equal  parts,  as  is  the  Circumference  A  B  D  ; 
and  ladly,  indead  of  the  mixt  Quadrilaters,  or  4  iided  figures, 
as  thofe  before,  you  will  have  Parallelograms*  which  being 
equally  removed  from  the  Extreams,  will  h&  equal  between 
themfelves,  and  thence  it  follows  like  wife  that  the  diagonal 
Which  divides  diagonal  wife  all  the  little  Parallelograms,  which 
are  from  one  angle  to  the  other,  will  divide  the  whole  great 
Parallelogram  into  two  equally. 


Lemma  6* 

'  ►  \  A  T  y  v  'T 

"  ‘  )  -  i  )  v\  v  '•  • 

Fig.  1 69.  The  fame  thingsbeing  put  as  before,  if  you  make 
the  Semicircle  A  B  D  to  fet  forward,  fo  that  the  diameter  A  D 
be  placed  on  the  part  e  8  of  the  Radius  Y  8  e,  and  that  the 
point  A  agree  with  the  point  e-y  his  evident  that  the  point  / 
of  the  diameter  will  agree,  or  be  in  the  point  L  of  the  Radius 
Ye ;  Moreover  if  we  make  it  to  pafs  even  to  the  Radius  Y  f\ 
and  that  the  point  A  fall  on  the  point/,  the  whole  diameter 
AD  will  agree  with  the  right  line  f  9,  the  point  m  of  the 
diameter  of  the  circle  A  D  B  will  agree  with  the  point  M,  and 
fo  of  the  red  :  Whence  his  evident,  that  all  the  points  of  the 
diameter  AD,  as  Dlmn ,  dec.  ddcrihe  the  diagonal  line 
D  L  M  N  l 
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Demonftratiov* 

But  if  inftead  of  removing  the  circle  A  B  D,  we  concieve  it 
to  roul  on  the  bafe  A  b  dy  when  the  point  E  of  the  circle  is 
come  to  e,  the  diameter  of  the  circle  E  io,  will  be  joyned 
with  the  right  line  e  8,  for  by  the  Hypothecs  the  arches  A  Er 
A  e  are  equal  in  length  j  and  from  the  fame,  when  the  point  F 
is  come  to  f9  the  diameter  F  n  will  be  joyned  to  the  diameter. 
fp,  and  lb  of  th<?  *efly  But  if  you;  mark  the  diftances  A  4 
Aw,  A  on  every  diameter,  as  E  iz,  F  13,  &c.  it  is  evident, 
that  while  the  circle  AB  D  rouls  on  the  bafe  A  bd,  the  points 
l  m  ttj  pf  of  every  diameter  meet  one  another  in  the  diagonal 
line  DMN  OP d  :  For  when  the  point  A  of  the  circle  is- 
come  toe,  the  point  12  on  the  diameter  E  10  will  be  in  L, 
becaufe  that  the  diflances  to,  11,  D  /  are  equal  y  and  by  the 
lame  reafon  the  point  13  will  be  in  M,  &c. 

But  moreover,  when  E  10  is  placed  on  e  8,  and  the  point  12 
on  the  point  L,  the  point  D  of  the  circle  A  B  D  will  be  in  the 
point  14  on  the  arch  /  14  For  the  Semicircle  8,  14,  e  re- 
prefentsthe  Semicircle  E  D  10  ;  and  as  the  arch  10D  is  equal 
to  the  arch  D  K  by  Conftru&ion,  when  the  point  10  by  the 
movement  of  the  circle  is  come  to  the  point  8,  the  point  D 
will  of necedity  he  on  the  point  14 in  the  arch  LKL  142,  j  fo 
that  the  portion  L  14  of  this  arch  will  be  equal  to  the  Portion 
L  K  of  the  fame  arch:  In  like  manner,  when  the  point  n  b 
come  to  the  point  9,  the  fame  point  D  will  be  on  the  point  1 5 
in  the  arch  m  l  M  1 5,  fo  that  the  arch  M  1 3  will  be  equal  to  the 
arch  m  /,  &c*. 

P  RO  P  OS.  L 

•  !  *  + 

Fig,  TN  the  precedent  Figures his  demonftrated  that  the  fpace 
1.69.I  of  the  moiety,  or  half  of  the  Epicycloid,  A  b  d  1  7,  16, 1 3, 
D,  is  equal  to  the  half  ofthe  Quadrilater  A  \  D,  joined  to 
the  generating  femicircle  A  B  D, 

Fig,  173.  I  have  fliewn  before  that  the  line  DMO  Q J  dir 
vides  the  mixt  quadrilater  A  UXD  in  two  equally,  it  re¬ 
mains  then  to  demonflrate  that  the  fpace  D  LQQJ  17,  i6r 
2  5,  D,  contained  by  the  line  D  M  O  Q J,  and  by  the  half  of 
the  Epicycloid  D,  15,  i6>  ij>d,  is  equal  to  the  generating  femi¬ 
cide  DBA. 

By  conftruflion,  the  whole  generating  fcmieircle  is  divided; 

into  mixt  Qy ad r Haters,  as  mi  ri  and  into  two  trilined,  or, 

jii'ned:. 
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7  lined  figures  DK/,  r  E  A  :  But  alfo  the  fpace  D  M  OQjl 
17,  16,  15,  14,  D,  is  divided  by  the  fame  circles  defcribedii*om 
the  centre  Y,  into  fo  many  4  fided,  and  3  fided  (  or  3  lined  ) 
figures,  as  are  in  the  generating  femicircle  j  fo  that  the  arches 
of  every  circle  contains  fo  much  in  the  generating  circle 
-which  in  the  (pace  are  equal  between  themfeJves,  as  the  arch 
M  15  in  the  fpace  is  equal  to  the  arch  M  /  in  the  femicircle, 
which  is  evident  by  the  formation  of  the  Epicycloid :  Where¬ 
fore  the  mixt  Quadrilater,  as  L  14  15:  M  in  the  fpace  is  equal 
to  the  mixt  quadrilater  L  K  /  m  in  the  femicircle,  for  they 
have  the  fame  breadth,  and  are  inclofed  in  equal  arches :  Bur 
each  of  thefe  Quadrilaters  equal  in  the  circle  and  in  the  fpace 
being  confider  d  as  Indivifibles  of  the  one  and  the  other,  it 
will  follow”  that  the  fpace  will  be  equal  to  the  femicircle;  which 
was  to  be  demonftrated. 

Scholium „ 

Keeping  to  the  fame  Demonfiration,  if  we  fuppofe  that  the 
point  Y  is  infinitely  removed  from  the  bafe  A  d ,  which  bafe 
is  a  right  line  in  this  cafe,  and  the  Quadrilater  A  AD  is  a 
reSangle,  which  is  then  equal  to  the  generating  femicircle 
A  B  D  taken  4  times,  as  appears  by  its  generation  ;  Where¬ 
fore  the  fpace  A  b  d  17,  16,  i£,  D,  will  be  equal- to  the  femi¬ 
circle  A  B  D,  taken  twice  together  with  the  fame  femicircle 
which  is  equal  to  a  femicircle  taken  3  times ;  the  line  d  16  D 
in  this  cafe  is  called  Cycloid^  or  Trochoide ,  and  fometim.es  a  little 
wheel. 

PROPO  S.  II. 

f’qpHe  fpace  of  the  outer  Epicycloid  is  to  its  generating  circle, 

.  as  3  times  the  diameter  of  the  circle  which  is  the  bale, 
together  with  2  times  the  diameter  of  the  generating  circle  to 
the  diameter  of  the  circle  of  the  bafe. 

But  the  fpace  of  the  inner  Epicycloid  is  to  its  generating  cir¬ 
cle,  as  3  times  the  diameter  of  the  circle  which  is  the  bafe, 
lefs  2  times  the  diameter  of  the  generating  circle,  to  the  dia¬ 
meter  of  the  circle,  which  is  the  bafe. 
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The  Time  upon  of  the  Lines  of 

Epicycloids. 

Of  the  touching  of  Epicycloids . 

Lemma,  i*  .  .  ?  . 

Fig.  X74.T  Et  the  circles  he  E  .B  F,  F  H  ..which  touch  each 
‘  JLj  other  outwardly  in  F.  Having  join’d  the  cen¬ 
tres  K  C  by  the  right  line  E  K  C  which  pafle's  by  the  point  of 
contact,  or  touching  F  j  from  the  extream  E  of  the  diameter 
F  E,  draw  a  right  line  E  B,  prolonged  to  the  other  circle  in  H. 

1  fay,  that  the  arch  F  H  is  greater  in  length  than  the  arch  FB» 

Lemma  2. 

Let  the  a  circles  be  E  B  F,  F  H  I,  which  touch  each  other  in  F, 
from  the  centre  K  of  one  of  the  circles  draw  the  line  K  B  I* 
meeting  them  both  in  B  and  in  I. 

I  fay,  that  the  arch  F  H 1  is  greater  in  length  than  the  arch  F  B. 


P  RO  P  0  S.  I, 

Problem, 

To  fnd  the  point  of  Cent  aft,  or  touching  of  the  outer  Epicycloid. 

Fig.  T  Et  the  outer  Epicycloid  be  G  H  M,  whofe  bafe  is  the 
175.JL-/  circle  G  A, defcribed  from  the  centre  C.  And  let  the 
generating  circle  I  H  A  D  of  the  Epicycloid  be  placed  in  fuch 
manner,  that  the  defcribing  point  H  be  on  the  Epicycloid  in 
that  point  in  which  the  touching  is  made  :  If  by  the  centre 
C  of  the  circle  of  the  bafe,  and  by  the  centre  O  of  the  genera¬ 
ting  circle  you  draw  the  right  line  C  A  O  I,  and  by  the  ex- 
tream  I  of  the  diameter  A  I  you  draw  the  right  line  I  H  to 

the  point  H.  #  % 

I  fay,  the  right  line-  I  H  touches  the  Epicycloid  in  the 

point  m  '  '  ' 

Lemma  y. 

Fig ,  1  yS.  Let  the  two  circles'  be  F  A  E,  F  R’  D  which  touch 
eachothq:  in  F,  haying  their  Convexities  of  the  fame  fide,  and 
that  the  centre  €  of  the  circle  F  R  D  be  out  of  the  diameter  F  E 
of  the  circle  F  A  E  3,  having,  drawn 'a  right  line  E  AD  from 
the  extream  or  end  E  of  the  diameter  F  E>  which  cuts  the  cir¬ 
cle  FA  E  in  the  point  A,  and  the- Circle  F  R  D  in  the  point  D. 

X  fnr 
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I  fay,  that  the  arch  F  R  D  is  more  in  length  than  the  arch  F  A. 

Lemma  4. 

Fig.  177.  Let  the  two  circles  be  F  S,  F  R  which  touch  in  F; 
and  that  have  the  convex  parts  of  the  fame  fide,  and  let  the 
centre  C  of  the  greater  be  on  the  diameter  of  the  Idler  length- 
ned;  if  you  draw  the  line  C  R  D  from  the  centre  C  which 
cuts  the  2  circles  in  R  and  D. 

I  fay,  that-  the  arch  F  R  of  the  idler  is  greater  in  length 
than  the  arch  F  D  of  the  greater. 

P  R  O  P  O  S.  IL 

j 

To  find  the  touching  of  the  inner  Epicycloids 

An  Advertifement. 

THere  are  three  kinds  of  inner  Epicycloids  •  the  fir  ft  is  when 
the  Diameter  of  the  generating  circle  is  lefs  than  the  fe~ 
midiameter  of  the  circle  which  is  in  the  bafe;  the  fecond,  when* 
his  equal  to  it  j  and  the  third,  when  his  greater  j  we  have  /hewn 
at  the  end  of  the  Dimenfion  of  Epicycloids 3  that  is  among  the  in¬ 
terior  or  inner,  that  thofe  that  are  of  the  firft  and  third  kind  or 
fort.,  are  the  fame  3  for  that  whofe  diameter  of  its  generating 
circle  is  lefs  than  the  femidiameter  of  the  circle  of  the  Safe,  is 
the  fame  as  that  which  on  the  contrary,  the  Diameter  of  its 
generating  circle  is  greater  than  the  femidiameter  of  the  circle 
of  the  Bate,  if  the  circle  of  the  bafe  is  the  fame,  and  that  the 
generating  circle  of  this  laft,  have  its  diameter  equal  so  the  dif¬ 
ference  which  is  between  the  diameter  of  the  Bafe,  and  rhe  di¬ 
ameter  of  the  generating  circle  of  the  firft  j  wherefore  I  ftal! 
fpeak  only  here  of  thofe  Epicycloids r  whofe  diameter  of  the  ge¬ 
nerating  circle,  is  lefs  than  the  femidiameter  of  the  circle  of 
the  bafe.  For  that  which  is  of  the  fecond  kind  of  inner  Epi¬ 
cycloids^  kis  a  right  line  equal  to  the  diameter  of  the  circle  of 
the  bafe. 

Fig.  178.  Let  the  inner  Epicycloid  be  M  H,  whofe  bafe. is 
the  circle  A  B  M,  and  its  centre  in  C,  and  let  the  generating 
circle  I  H  A  of  the  Epicycloid be  fo  placed  on  the  bafe,  that 
the  point  deferibing  H  be  on  the  Epicycloid ..  From  the  centre 
C  of  the  bafe  having,  drawn  theradius.C  A  to  the  point  touch¬ 
ing  A  of  the  generating  .circle  with  the  bale,,  which  palfes  a!~ 
fa  by  the  centre  of  the  circle,  I  fay*. 
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I  fay, that  the  right  line  I  H  drawn  from  the  extream  I  of  the 
diameter  of  the  generating  circle  to  the  defcribing  point  H, 
will  touch  the  Epicycloid  in  the  fame  point  H. 

Lemma  7. 

Fig.  179.  Let  the  femicircle  be  STAR,  whofe  diameter 
is  SR,  and  let  the  circumference  be  divided  into  any  number 
of  equal  parts  that  you  pleafe,  fo  they  be  even.  From  the 
points  of  Divifion  having  drawn  the  perpendiculars  to  the  dia¬ 
meter  S  R,  and  the  touchings  as  T  B  which  are  terminated  at 
the  neareft  perpendiculars  which  are  beneath. 

[  fay,  that  the  fum  of  the  touch  ants,  asT  B,  without  coun¬ 
ting  the  fir  ft  which  is  infinite  being  drawn  by  the  point  S,  and 
the  M ;  is  greater  than  the  circumference  'of  the  femicircle, 
without  counting  the  firft  and  the  laft  arches  of  Divifion. 

Lemma  6 . 

The  fame  things  being  put  as  in  the  precedent  Lemma ,  it 
may  be  demonftrated,that  the  divifions  of  the  circle  being  in¬ 
definitely  fmall,  the  fum  of  the  Touchants  curing  as  thofe  be¬ 
fore,  without  having  regard  to  the  firft  and  laft,  differ  not  fen- 
fibly  from  the  circumference  of  the  circle,  leaving  out  the  firft 
and  laft  arch  of  Divifion. 

Lemma  7. 

The  fame  things  being  as  before,  it  may  be  demonftrated 
that  the  fum  of  the  parts  as  A  B  which  are  cut  off  from  the 
perpendiculars  of  the  Diameter  of  the  circle,  between  the  cir¬ 
cumference  A  and  that  which  is  cut  off'  B  of  the  upper  tou- 
chant  T  B,  which  is  the  neareft,  may  be  found  iefs  than  any 
fmall  quantity  which  may  be  propofed,  and  by  confequence 
the  points  as  B,  may  be  confidered  as  on  the  circumference  of 
the  circle. 


Lemma  8* 

Fig.  1  So.  In  the  circle  D  H  B  whofe  centre  is  C,  and  the 
touchant  D  A  in  D?  terminating  in  the  Radius  CBA  length- 
-  .  tied; 
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ned ;  having  divided  the  arch  D  B  in  two  equally  in  H,  and 
having  drawn  CHG  terminated  by  the  touchant  D  A. 

I  fay,  that  the  double  of  the  touchant  D  G,  or  which  is  the 
fame  thing,  that  two  touchants  together  D  G,  H  R,  touching 
in  the  points  D  and  H,  and  terminating  at  the  radiuflfo  C  G, 
C  A,  are  greater  than  the  arch  D  H  B,  but  that  the  difference 
of  thefe  fame  touchants  from  the  arch  D  H  B  is  left  lefs  than  the 
half  of  the  difference  between  the  touchant  D  A  and  the  fame 
arch  D  Bo 

But  as  in  the  continual  Bife&ion  of  arches,  we  may  demon- 
ftrate  always  the  fame  thing,  it  follows,  that  we  may  find  a 
film  of  touchants  terminated  at  the  Radij,  which  pad  through 
the  points  touching  the  next  following,  which  will  differ  from 
the  circumference  of  the  femicircle  left  than  any  quantity 
propofed;  and  by  confequence  thefe  touchants  may  be  con- 
fidered  as  the  arches  of  the  circle  in  a  divifion  indefinitely 
fmalh 

Lemma  9. 

The  fame  things  being  as  in  the  precedent,  I  fay,  that  the 
fom  of  the  portions  of  the  Radij  H  G,  B  R,  contain’d  between 
the  touchants  and  the  circle  is  left  than  the  moiety  or  half  of 
the  portion  B  A  of  the  Radius  contain’d  between  the  circle  and 
the  touchant  D  A ;  and  for  as  much  as  this  diminution  which 
is  augmented  more  than  half,  will  be  always  by  the  continual 
bifedlion  of  Arches,  ’tis  evident  that  we  may  find  a  quantity 
which  will  be  the  difference  of  the  Radij  between  the  touchants 
and  the  circle,  which  will  be  left  than  any  fmall  quantity  pro- 
poled;  whence  it  follows, that  in  the  divifion  of  the  circle  inro 
indefinite  fmall  parts,  the  meetings  of  the  touchants  with  the 
Radij  may  be  confidefd  as  if  they  were  on  the  circumference 
©f  the  circle* 

Lemma  1  o* 

'Tisfaidin  the  tfth.  Lemma,  that  in  the  divifions  of  a  circle 
indefinitely  fmall,  the  portions  of  the  circumference  differ  not 
fenlibly  from  the  touchants,  being  leffen’d  by  the  method  pro- 
pofed ;  and  that  thefe  touchants  may  be  taken  for  the  arches  of 
the  circle,  we  may  now  demonftraee  the  fame  thing  in  the  Epi¬ 
cycloids,  and  in  the  Cycloids, 

Lamm& 
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Lemma  i 1 . 

F/V.  i8i.  The  femicircle  B  D  A  being  divided  into  parts 
indefinitely  Small  as  D  F,  and  by  the  points  of  division  as  F, 
having  drawn  the  lines  M  F  Z  perpendicular  to  the  diameter 
A  B,  and  by  the  extream  B  of  the  diameter  A  B,  and  through 
all  thofe  points  of  divifion  as  D,  having  drawn  the  right  lines 
B  D  M  terminating  in  M  in  the  perpendiculars  M  F  the  near- 
eft  to  the  loweft. 

I  fav,  that  the  fttm  of  all  the  portions,  as  D  M  of  the  lines 
B  D  M  io  the  femicircle,  is  equal  to  the  double  of  the  diame¬ 
ter  A  B. 

P  R  0  P  0  S.  III. 

I  Say,  that  the  bignefs  of  the  crooked  line  of  the  outer  Epi¬ 
cycloid  is  equal  to  the  right  line, which  hath  the  fame  rea- 
fon  or  proportion  to  the  diameter  of  the  generating  circle  ta¬ 
ken  4  times,  as  the  fum  of  the  diameters  of  the  two  ercies,  to 
wit,  of  the  generating,  and  of  that  of  the  bafe,  to  the  diameter 
of  the  circle  of  the  bale. 

P  R  0  P  0  S.  IV. 

T He  crooked  line  of  the  inner  Epicycloid  is  equal  to  the 
right  line,  which  is  to  4  times  the  diameter  of  its  gene¬ 
rating  circle,  as  the  difference  of  the  diameters  of  the  circles 
of  the  bafe  and  of  the  Generatour,  to  the  diameter  of  the  cir¬ 
cle  of  the  bafe. 

P  R  0  P  0  S.  V. 

Fig.  182.TN  the  firft  place,  1  fay,.  that  when  the  Diameter 
1  of  the  generating  circle  is  equal  to  ,  the  dia¬ 
meter  of  the  circle  of.  the  bafe,  the  Epicyplpid  degenerates  into 
a  right  line  fince,  his  nothing  but  the  diameter  of  the  circle. 

Secondly,  If  the  diameter  A  B  of  the  generating  circle  of  the 
inner  Epicycloid,  is  greater  than  the  iemidiameter  C  B  of  the 
circle  of  the  bafe,  but  lefs  than  the  whole  diameter;  I  fay, 
that  the  Inner  Epicycloid  is  the  fame  as  that  which  is  deferi- 

bed 
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bed  by  the  circle  D  E  F,  whofe  diameter  D  E  is  the  difference 
between  the  diameter  A  B  of  the  generating  circle,  and  the 
diameter  G  B  of  the  circle  of  the  bafe,  and  the  diameter  D 
will  be  lefs  in  this  cafe  than  C  B,  we  may  find  the  bigqefs  of 
this  Epicycloid  by  the  4 fh,  Proportion . 

Thirdly ,  if  the  generating  circle  have  its  diameter  greater 
than  that  of  the  circle  of  the  bafe,  the  Epicycloid  which  will  be 
defcribed  by  the  generating  circle  will  be  an  outer  Epicycloid; 
which  will  be  the  fame  as  the  Exterior  which  will  be  de¬ 
fcribed  on  the  fame  bafe,  by  another  circle  whofe  diameter 
is  equal  to  the  difference  of  the  diameter  of  the  generating 
circle  and  of  that  of  the  bafe. 

Lemma  1  z. 

-  *  *  ,  •  - 

What  is  faid  at  Lemma  11.  touching  the  Hkenefs  or  propor¬ 
tion  of  DQjo  D  M  towards  the  parts  of  the  bafe  of  the  Epicy¬ 
cloid,  will  be  the  fame  as  for  the  parts  above  the  point  D. 

This  Pnopof.  is  evident,  fince  we  may  make  the  triangles  alike 
with  the  parallel  lines  on  both  fides  the  point  D,  as  appears  in 
the  Figuie.  .  j 

Lemma  1  \ .  ' 

fr  »  A  i  is  J  t  .  .  i.  1  •  <-  A  • 

Fig .  >83.  Let  the  Semicircle  be  A  M  C  1,  whofe  circumfe¬ 
rence  divide  into  parts  indefinitely  fmall  as  C  I,  I  X,  from  the 
points  of  divifon  G  I  X  having  drawn  the  perpendiculars  C  B? 
I  E,  X  R  to  the  diameter  A  M,  and  the ’Chords  A  C,  A  i;  A  X, 
which  meet  with  the  Perpendiculars  of  the  neared  divifidhs 
from  above  to  the  points  F  R.  * 

I  fry,  in  any  Segment  of  the  circle  which  you  pleafe,  that 
all  the  portions  together  of  the  Chords,  as  C  F,  I  R,  contain’d 
between  the  circumference  of  the  circle  and  the  upper  perpen¬ 
dicular,  are  equal  to  the  double  of  the  Chord  AC  5  and  by  die 
fame  reafo.n  all  -the  portions- taken  together  in  the, Tern i circle, 
are  equal  to  the  double  of  the  diameter,  which  is  aifo  the 
Chord  of  the  Semicircle. 
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P  R  Q  P  O  S.  VI. 

Fig.  TN  the  Epicycloid  P  D,  whofe  top  is  P,  and  any  arch  P  D 
184.X  from  its  top,  the  generating  circle  B  D  A  being  put  fo 
that  the  defcribing  point  be  in  D,  and  that  the  diameter  A  & 
R  in  this  Polition  tend  to  the  Centre  C  of  the  bafe. 

I  fay,  that  if  we  make  it,  as  C  A  the  radius  of  the  B;  afe,  is 
to  C  K  compofed  of  the  Radius  of  the  bafe  and  of  the  Radius  of: 
the  generating  circle,  fo  the  double  of  the  Chord  B  D  of  the 
arch  B  D  of  the  generating  circle  which  anfwers  to  the  arch 
P  D  of  the  Epicycloid ,  is  to  a  fourth  Proportional,  that  line 
will  be  equal  to  the  arch  P  D  of  the  Epicycloid , 

motion  or  routing  of  Epicycloids*##*/  of  the 

Lemma*. 


Fig.  T  ET  the  line  DTFB  be  always  crooked:  on  the  fame 
185 .jLj  fide  about  which  apply  a  flexible  line  ;  if  we  open 
or  unfold  part  of  this  applied  line,  fo  that  its  part  A  B  berwen 
ksextream  A  and  the  curve  in  B  be  feetcht  out,  then  bycon- 
fequence  it  will  be  a  freight  line. 

I  fay,  that  the  right  line  A  B  touches  the  curve  or  crooked 
in  the  point  B,  from  whence  it  begins  to  extend  it  felf. 

The  line  defcribed  by  the  end.  A  of  the  flexible  line  which 
is  always,  flrercht  our  in  its  opening,  is  laid  to  be  defcribed  by 
the  rou ling, of  the  curve  DTFB. 

P  R  O  P  O  S.  L 

The  Line  defcribed  fy  the  roulmg  of  an  Epicycloid,  is  an 
Epicycloid. 


p  J(T 
*£•  *  * 


r  E  T  the  Epicycloid  be  B  D  L,  its  generating  circle  FD  E, 
iso.  JLj  its  centre  P,  and  whofe  circular  bafe  is  A  E  L  and 
the  centre  C,  the  top  of  the  Epicycloid: let  be  the  point  B. 

if  from  die  centre  C  and  the  Semidiameter  C  B  we  deferibe 
the  circle  B  F  M,  which  let  be  the  bafe  of  the  Epicycloid  B  G  Efe 
whofe  generating, circle  will  beF'GH,  which  has  for  its  dia¬ 
meter  EH  or  B  i]  which  maybe  determin’d  by  faying,  as  C  A 

is 
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is  to  C  P,  fo  is  lEFor  i  AB,  to  a  fourth  proportional  E  H 
or  A I  j  and  having  taken  from  A  I  the  diameter  A  B  of  the 
generating  circle,  there  remains  B I  or  F  H,  which  will  be 
the  diameter  fought. 

I  fay,  that  the  Epicycloid  B  G  K  is  defcribed  by  the  Roling 
of  the  Epicycloid  B  D  L.  By  conftru&ion,  and  by  the  prece¬ 
dent  Proportions  of  the  dimenfion  of  the  lines  of  Epicycloid tf 
it  appears  that  the  Curve  of  the  Semi  Epicycloid  B  D  L  is  e- 
quai  to  the  right  line  A  I  or  L  K. 

Now  let  the  flexible  line  be  fitted  about  the  Semi-epicycloid 
B  D  L,  of  which  the  portion  from  the  point  D  even  to  the  top 
B  will  be  extended  in  the  right  line  D  G ;  this  right  line  D  G* 
by  the  precedent  Lemma  touches  the  Epicycloid  in  the  point 
Wherefore  if  we  put  the  generating  circle  of  the  Epicycloid 
in  the  pofition  F  D  E,  or  the  deferibing  point  being  in  the  point 
D ;  it  is  certain  by  the  property  of  Touchants  of  Epicycloids  that 
the  right  line  D  G  toucham,  paffes  through  the  extream  F  of 
the  diameter  E  F,  in  the  pofition  F  D  E  of  the  generating 
circle. 

Having  prolonged  C  E  F  to  H  in  the  circle  I  H  K  concern* 
crique  in  the  circle  of  the  Bafe,  which  is  defcribed  on  the 
Semidiameter  C  l ;  on  F  H  for  a  diameter  deferibe  the  Semfi- 
circle  F  g  H.  I  have  demonftrated  that  the  extream  G  of  the 
flexible  line  ftretcht  out  from  the  point  D,  will  be  on  the  circle 
F  gH. 

If  the  point  G  is  not  on  the  circle  F^H,  and  the  right 
line  D  F  G  meet,  if  it  may  be  the  circle  F  g  H  in  any  pointy  y 
then  draw  Hg;  becaufe  of  the  Semicircle  F  g  H,  the  angle 
F  g  H  is  right,  and  the  re&angled  Triangles  E  D  F,  FgH  will 
be  like,  becaufe  of  the  equal  angle  at  the  point  F.  Wherefore 
EF  will  betoF  H,  as  F  D  to  Fg;  and  being  compounded,  E  F 
will  be  to  E  F  more  F  H,  that  is  E  H,  as  D  F  to  D  F  more 
Fg,  that  is  Dg;  and  by  doubling  the  Antecedents  z  E  F  or  z 
A  B,  they  will  be  to  E  H  or  A  I,  as  z  F  D  to  D  g. 

By  Prepof.  the  6th .  of  the  dimenfion  of  Epicycloids ,  and  by 
confirmation y  as  i  AB  are  to  A  I,  fo  C  A  is  to  C  P  ;  But  as 
C  A  is  to  C  P,  fo  is  the  double  of  the  Chord  D  F  to  the 
bignefs  or  Magnitude  of  the  portion  D  B  of  the  Epicycloid , 
which  portion  by  the  roling  is  equal  to  the  right  line  DG: 
Wherefore  by  equal  reafon  z  A  B  are  to  A  I,  as  :  D  F  are  to 
D  G.  But  I  come,  to  demonftrate  that  z  A  B  are  to  A  I,  as  z 


N  n  z 


F  D 
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■  F  Dare  to-  Dg;  then  t  DF  are  to  DG,  as  'i  F  D  are  taDg, 
and  by  confequenr  D  G  will  be  equal  to  'Dg  :  then  the  point  g. 
of  meeting  of  the- right  line  D  FG,  and  of  the  circle  F  g  H,will 
be  the  extream  G  of  that  line. 

x  It -remains  now  to  demon  ft  rate  that  the  point  G  is  in  the 
''■Bp-iefcleid-  B  K,  whofe  generating  circle  is  FGH.  By  con  - 
ftru£tion  G  A,  is- to  CP,  as  r  A  B  are  td  A  I (  by  dividing, 
C  A  is -to  C  P  left  C  A  that  is  A  P,  as  i  A  B  to  A  I  lefs  2  A  Bq 
but  by  doubling  the  Confequents,  C  A  is  to  2  A  P  which  Is 
equal  to  A  B,  as  to  2  A  B  to  2  A  I  kfs  4  A  B and  by  com¬ 
pounding,  C  A  is  to  C  A  more  A  B  that  is  C  B,  as  2  A  B  to 
t  A  I  lefs  4  A  B  more  2  A  ft  that  is  2  A I  lefs  2  AB,  or  only 
2  B  I,  as  it  appears  in  the  figure. 

But  in  taking  the  half  of  the  Terms  of  the  lad  proportion 
C  A  is  to  C  B,  as  AB  to  B  I :  But  alfo  as  C  A  is  to  C  B,  fo  is 
the  length  of  the  arch  A  E  to  the  length  of  the  arch  B  F. 

Now  by  the  generation  of  the  Epidcloid  B  D  L,  the  arch  of  the 
bale  AB  is  equal  in  length  to  the  arch  of  the  generating  cirefc 
F  D  5  but  becaufe  that  the  two  circles  F  D  E  FGH  touch  each  o~ 
ther  in  F,  the  lineDFG  cuts  the  two  arches  alike  FD,  FG,whofe 
lengths  keep  between  themfelves  the  fame  ratio  or  proportion  as 
thole  of  the  Chords  F  D,  F  G,  or  thole  of  the  diameters  F  E,  F  H : 
Then  the  arch  F  D  is  to  the  arch  F  G,  as  F  E  to  F  H  5  or  as  A  B 
to  BI,  which  is  alfo  as  C  A  to  C  B,  or  as  the  arch  A  E  to  the 
arch  B  F :  But  the  arch  A  E  is  equal  to  the  arch  F  D;  then  the 
arch  B  F  is  equal  to  the  arch  F  G  of  the  circle-  F  G  FI,  and  by 
confequence  the  point  G  is  that  which  deferibes  the  Epicycloid 
B  G  K >  which  was  to  be  demonftrated. 

For  rhe  inner  Epicycloids  we  may  demon  ft  rate  the  fame 
thing,  only  changing  the  form  of  the  proportion  :  And  for 
the  Cycloid  Yis  eafy  to  behold  by  the  fame  demon  ft  ration,  that 
the  line  which  is  deferibed  by  its  ruling,  is  the-  Cycloid  equal  to 
that  which  is  rokd.  ..  '  „  n  e  * ■  ■  o 

-  '  i  Corollary  1. 

Hence  it  fiHlows  alfo  by  Hypothecs  that  the  3  lines  CA,  C  B 
C  I  are  continual  proportionals :  For  C  A  is  to  C  P  as  two  AB 
to  A  I,  in  dividing  and  doubling  the  Confequents,  C  A  will 
.be  to  2  G  P  lefs  2  C  A,  us  2.  A  B  to  2  A  I  leis  4  A  B:  But  2 
£  P  lefs  2  C  A  are  equal  to  1  AP  or  to  A  B  j  and  as  2  A  B  to 
2  A  I  le.fi  4  A  By  fo  A  B  to  A I  kfs  2  A  Bi  wherefore  C  A  is 

/ft  to 
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to  A  B  as  A.  B  to  .4 1  lefs  i  A  B:  But  in  compounding, C  A  is  to 
C  A  more  A  B  which  is  equal  to  C  B,  as  A  B  to  A  B  more 
A  I  lefs  i  A  B,  which  is  equal  to  B  I ;  and.  by  A  Item  propor¬ 
tion  C  A  is  to  A  B,  as  C  B  to  B  _Ig  laftly,  being  Compounded 
C  A  is  to  C  A  more  A  B  which  is  equal  to  C  Li,  as  C  B  co  C  ii 
more  B  I  which  is  equal  to  C  I. 

Corollary  z. 

’Tis  evident  as  yet  that  the  line  which  is  defcribed  by  the 
roiing  of  a  circle,  is  the  lad  of  all  the  outer  Epicyck;dsy  that  is 
to  fay,  that  whofe  centre  of  the  generating  circle  is  at  an 
infinite-difiance  j  or  that  which  is  defcribed  by  the  end  of  a 
right  line  which  roles  about  a  circle  in  the  Touchant,  which 
doth  agree  with  the  roiing  of  the  circle. 

*  Tis  eafv  to  demonftrare  that  the  fupcrficies  of  the  figure  of 
this  kind  of  Epicycloid ,  when  the  deferring  line  runs  over  the 
whole  circle  of  the  bafe,  or  that  it  comes  again  to  the  fame 
thing  3  The  figure  defcribed  by  the  roiing  of  the  whole  circle, 
without  comprehending  the  circle  which  maxes  the  roiing, 
is  equal  to  one  third  of  the  circle  ,  which  hath  foi  Radius  the 
circumference  of  the  circle  of  which  the.  roiing  is  made. 
What  I  fey  of  the  whole  circle,  the  fame  is  intended  of  every 
part  of  this  Figure.  For  the  figure  defcribed  by  the  roiing  of 
any  arch  of  a  circle,  without  comprehending  any  thing  of 
that,  circle,  is  equal  to  y  of  the  Sedtor  of  a  circle,^  winch  has 
for  Radius  the  circumference  of  that  archy  and  of  which  the 
arch  is  like  to  that  of  which  the  roiing  is  made  3  It  will  be  alfo 
the  fame  thing  for  the  roiing  of  a  greater  arch,  and  of  the 
whole  circle.  For  that  which  is  the  crooked  line  of  this 
Epicycloid,  or  of  that  which  is  defcribed  by  the  roiing  of  an 
whole  circle  or  of  any  arch,  which  fhall  be  alwrays  equal  to 
half  of  the  circumference  of  the  circle  or  of  the  arch  of  which 
we  take  f  of  the  fuperficie,  for  the  fuperficie  of  the  Figure  de¬ 
fcribed  by  the  roiing. 

PR  O  P  0  S.  I. 

:■  .  '  :  ■;"»  If:  t  ...  ' J  .  :  i 

Of  the  ufe  or  advantage  of  Epicycloids  in  Mechanicks, 

Eig.  T  ET  the  right  line  A  D  be  a  determined  length,  and 
itirj.  L  movable  on  a  Plane  about  its  extream  A  3  and  on.  the 
.  fame  plane  let  there  be  another  right  line  C  B,  indeterminate 

,  ,V . “  •  .*  “  ‘  .towards- 
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towards  B,  and  movable  on  the  plane  about  its  extreani  C:  if 
the  -Extream  D  of  the  line  A  D  is  led  into  E  and  R,  by  the  line 
C  B,  which  moves  it  felf  on  the  point  C. 

i  fay,  that  if  the  lines  AD,  CB,  be  placed  on  the  line  C  A 
which  joins  the  Centers  of  movement,  and  the  points  D  and 
B  be  put  one  upon  another,  there  will  be  two  powers  equal 
between  t hem fe Ives,  which  will  a6t  with  all  their  force  on  their 
lines  in  the  points  D  and  B,  thac  is  to  fay,  (  with  direftion  at 
right  angles  )  thefe  powers  will  be  in  Equilibria  3  but  if  the  lines 
change  their  portion,  as  A  D  into  A  E,  and  G3  into  C  B  E, 
the  Powers  equal  to  X  being  applied  always  in  the  fame  man¬ 
ner  to  their  lines,  and  to  the  fame  places,  they  will  be  no  more 
in  Equilibria,  but  to  make  them  in  Equilibria ,  we  mull  have 
another  power  Y  greater  than  X  applied  in  B,  on  C  E,  and 
this  Power  Y  ought  to  be  fo  much  greater,  as  the  line  C  B  E  is 
removed  from  C  A. 

From  the  centre  C  and  Semidiameter  C  D  or  C  B,  having 
deferibed  the  circle  B  b,  kis  evident  that  C  E  is  greater  than 
C  B.  But  from  the  point  E  having  drawn  E  G  perpendicular 
to  A  E,  and  E  F  M  perpendicular  to  C  E,  and  by  the  point  A 
having  alfo  drawn  H  A  M  parallel  to  C  E,  if  from  any  point  F 
of  the  line  E  F  we  draw  the  line  F  G  parallel  to  C  E,  the  two 
triangles  F  E  G,  M  E  A  will  be  alike,  for  they  are  redtangled, 
and  their  angles  in  the  point  E  are  equally  together  to  a  right 
angle,  beeaule  of  the  right  angle  AEG. 

If  we  iuppofe  now  the  part  E  F  indifinitely  Email,  Yis  evi¬ 
dent  that  the  line  C  E  cannot  be  moved  from  E  to  F  about 
the  point  C,  without  caufing  A  E  to  move  to  G  about  the 
point  A.  But  it  follows  from  the  Laws  of  Mechmich ,  that  to 
make  an  Equilibria  between  the  power  X  applied  to  the  ex¬ 
tream  or  end  E  of  the  leaver  A  E,  which  moves  according  as 
the  line  E  G,  and  between  the  power  Z  applied  to  the  end  E 
of  the  leaver  C  E,  which  moves  according  to  the  line  E  F  •  it 
Is  needfary  that  X  be  to  Z  as  E  F  to  E  G,  that  is  today,  as 
A  M  to  A  E ;  In  fine,  if  we  -fuppofe  the  power  Y  applied  to  B 
on  the  leaver  C  E  in  the  point  B,  Yis  evident,  that  to  make  an 
Eqmubrm  between  Z  and  Y,  it.  is  needfary  that  Z  be  to  Y,  as 
,C  B  to  C  E  :  It  follows  therefore,  that  for  to  make  an  Equili¬ 
bria  between  X  applied  to  E  on  the  end  of  the  leaver  A  E,  and 
¥  applied  in  B  on  the  leaver  C  E,  it  mu  ft  be  that  X  muft  be 
m Y  in  the  compound  proportion,  of  A  M  to  A  E,and  ofCB 
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to  C  E,  which  is  the  fame  as  that  of  the  rectangle  A  M,  C  B, 
to  the  re£t angle  AE,  CE..  But  in  the  reftangle  triangle 
A  M  E,  the  fide  A  M  will  be  always  leffer  than  the  Hypote- 
nufe  A  E  j.  and  by  conftruftion  C  B  will  be  alfo  always  leffer 
than  C  E,  whence  it  follows,  that  the  power  Y  will  always 
be  greater  than  the  power  X,  and  that  the  more  the  lines 
C  E,  AE  are  removed  from  the  line  A  C  which  joins  the  cen¬ 
tres  of  the  movement,  the  more  the  power  V  ought  to  be: 
greater  for  to  make  Equilibrium  with  the  power  X. 

Fig..  187.  We  may  likewife  demonftrate  the  fame  thing  af¬ 
ter  another  manner,  in  keeping  to  the  common  principle  of 
the  ballance,  or  leaver.  For  if  on  M  A  Iengthned,  we  take 
A  H  equal  to  A  E,  and  confider  C  E  and  M  A  H  as  two  hori¬ 
zontal  Leavers,  the  points  of  whofe  props  are  in  C  and  in  A, 
and  that  the  end  E  of  the  leaver  C  E  have  a  weight  called  Z, 
this  weight  will  have  the  fame  endeavour  on  the  point  E  of 
the  elbow  leaver  H  A  E,  as  on  the  point  M  of  the  right  lea¬ 
ver  or  ballance  H  A  M.  For  his  evident,  that  the  weight  X 
in  the  point  H,  will  be  to  the  weight  Z,  as  AM  to  A  H,  or 
A  E  its  equal  But  now  if  inftead  of  the  weight  Z  applied  in 
E  on  the  end  of  C  E,  we  fubftitute  a  weight  Y  applied  to  the 
point  B  of  the  fame  leaver  C  E,  for  to  make  the  lame  endea¬ 
vour  as  Z  in  E,  it  will  be,  that  Y  will  be  to  Z,  as  C  E  to  C  B  r 
Then  the  weight  X  will  be  to  the  weight  Y  for  to.  make  an 
Equitibrum  in  the  compounded  proportion  of  A  M  to  A  E,  and 
of  C  B  toCE,  as  before, whence  follows  what  was  propofed.. 

Corollary. 

It  follows  from  this  demonflration  that  a  power  applied  in 
B  to  the  end  of  the  Leaver  C  B,  will  not  a6t  equally  a- 
gainft  another  power  applied  in  D  to  the  end  of  the  line  A  IT 
in  the  meeting  of  its  extream  E>,  when  thefe  lines  are  different¬ 
ly  polked,  their  powers  will  always  be  applied  in  the  fame 
points  of  their  lines  CB,  A  D,  and  they  will  afit  perpendicu¬ 
larly  ;  But  then  one  mull  be  fo  much  greater  as  the  line  G  B  is 
more  removed  from  C  A. 

If  you  intend  the  contrary,  the  power  which  affts  muft  be 
applied  to  the  end  D  of  the  line  A  D  j  for  this-force  or  power 
ought  to  be  lels  when  the  Bne  A  D  is  more  removed  from 
A  C,  than  when  his  nearer. 
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JF%!  1 He  fame  things  being  ptjc  as  in  the  precedent, 
r88.  A  I  fay,  that  if  on  the  circumference  of  the  cir¬ 
cle  B  B  as  a  bafe,  we  defcribe  die  Epicycloid  B  H,  whofe  gene¬ 
ral  ing  circle  is  D  E  R,and  Radius  the  line  AD,  the  crooked  line 
of  this  Epicycloid  being  join'd  to  the  Radius  C  D  of  the  bale, 
and  not  making  with  it  the  fame  mixt  line,  as  vi  the  pofitioh 
where  it  was  defcribed,  in  any  place  which  C  B  is  placed  out 
of  C  A  ;  and  the  end  D  of  the  line  A  D,  being  put  on  the  E- 
ptcycloid  in  E,  the  power  Z  which  is  applied  in  E,  at  the  end 
of  A  E,  as  Vis  in  the  precedent  proportion,  will  be  in  Equi- 
fibrio  with  the  fame  power  Z,  which  is  applied  in  B  to  the 
end  B  of  the  line  C  B,  and  which  adts  on  the  point  E  by 
means  of  thecufve  of  the  Eyicycloid  B  E? 

*  Fig:  n88.  *Tis  eafy  to  fee  in  this  figure  by  the  forming  of 
the  Epicycloid,  that  in  any  poftion,  which  the  line  C  B  is 
in,  which  is  joined  to  the  Epicycloid,  the  Arches  B  B  will  be 
always  equal  in  length  to  the  arches  D  E  of  the  circle  D  E  R  • 
wherefore  let  C  B  be  in  any  place,  and  the  power  applied  in 
B  cannot  move  it  felf  through  One  arch  B  B;  without  moving 
the  other  force  applied  in  E  on  the  end  of  the  leaver  A  E,  by 
an  arch  E  E  equal  in  length  to  the  arch  B  B  ,  whence  it  follows, 
that  the  powers  being  equal  they  wall  remain  in  Equilibrioj 
which  was  to  be  demon  ft  raced. 

Fig.  189.  ‘We  may  alfo  make  this  Demoriftration  as  in  the 
precedent  propofttion  ;  and  we  fhall  find  that  the  fame  me¬ 
thod  which  is  managed  in  the ’inequality  of  powers,  will  lead 
us  here  to  equality  by  compounded  Reafon :  For  if  we  fup- 
pofe  that  the  end  E  of  the  leaver  A  E  hath  the  power  X  A, 
which  a&$  according  as  E  G  perpendicular  to  A  E,  and  that 
in  the  point  *Es  At  the  end  of  G  E,  there  be  a  power  ^Wvhicit yards 
according  as-  E  F  perpendicular  to  C  E ;  Tis  evident  by' ‘the 
nature  of  the  Epicycioid,  -  thsfr  the  line  N  E  drawn  by  the  end 
N  of  the  diameter  D  A  N  to  the  point  E,  will  touch  the  EpR 
cycloid  in  that  point ;  and  that  as  when  the  point  E  of  the  end 
of  the  leaver  G  E  fhall  have  run  over  a  (pace  E  F  indefinitely 
final],  the  fame  point  E  of  the  end  of  the  leaver  A  E  will  be 
come  to  G,  w  here  the  line  F  G,  parallel  to  E  N,  meets  E  G 
pecpendfcularto  A  Eg  for  the  ffeli  portion  F  G  of  the  Touch- 
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ant  E  N  may  be  confidered  as  the  fame  curve.  But  having 
drawn  F  C  which  meets  the  circle  B  B  in  L,  the  aich  S  L  of 
the  circle  B  B  between  C  E  and  C  F,  will  be  equal  in  length 
to  E  G  by  the  nature  of  the  Epicycloid j  for  when  the  point 
E  of  the  Epicycloid  fhall  be  come  to  G,  the  beginning  of  the 
Epicycloid  B  on  the  circumference  of  the  circle  BB  will  be¬ 
come  to  O  y  fo  that  the  arch  B  O  will  be  equ2l  to  o  L. 

The  Power  X  runs  over  then  the  fpace  E  G,  when  the  pow¬ 
er  V  runs  over  E  F,  and  for  to  make  an  Equilibrium  between 
thefe  two  powers,  it  muff  be,  that  Z  mult  be  to  V,  as  E  F  to 
E  G,  that  is  to  fay,  in  reciprocal  reafon  of  the  fpaces  run  over. 
Bun  laftly,  if  wefuppofe  the  powrer  Y  in  the  point  S,  or  in  the 
point  B  on  the  circumference  of  the  circle  JB  B,  and  that  it  makes 
Equilibrium  with  the  power  V,  it  will  come  to  pafs  that  V 
will  be  to  Y,  as  C  B  to  CEj  then  the  power  X  will  be  to  the 
power  Y  in  the  compound  reafon  of  E  F  to  E  G,  which  is  the 
fame  as  E  F  to  S  L,  or  that  of  C  E  to  C  5  or  C  B,  and  of  C  B  to 
C  E~  But  this  compounded  reafon  is  a  reafon  of  Equality, where¬ 
fore  the  powers  X  and  Y  ought  to  be  equaj  for  to  make  Equi¬ 
librium  between  themfelves,  being  applied,  as  we  (uppo fe, 
which  was  to  be  demonflated. 

Corollary. 

That  which  I  come  to  demon  ft  rate  of  the  Epic^cloivl  de¬ 
fended  on  the  circle  B  B,  for  its  bafe  and  roi  its  generating  cii- 
cle  D  E,  whofe  Radius  is  A  D,  the  meaniug  is  the  lame,  it  the 
Epicycloid  be  deferibed  on  the  circle  D  t  for  the  bafe  and 
that  the  generating  circle  be  the  circle  B  B,  and  its  Radius  C 
B  •  for  the  movement  or  motion  will  be  always  equal  trom 

one  fide  or  tocher. 

p  R  0  P  0  S.  HI. 

How  to  make  the  duplication  oj  motion  cffpual  to  En^rnj. 

Fir  iqo  T  Et  there  be  a  circle  B  O  L  whofe  centie  is  C, 
9  '\_j  and  another  circle  D  E  F  Vrbple  centre  is  A: 
On  the  circle  B  O  L,  as  a  bafe,  and  for  a  generating.  circse 
D  E  F,  deferibe  the  Epicycloid  B  V  H,  and  divide  the  cu cun  - 
ference  of  the  circle  B  O  L  into  any  number  ot  parts,  as  heie 

O  o  intu 


2  8  2  Mechanic^  Powers .  Book  X* 

into  eight  in  the  points  BKL,  eK\  and  to  each  of  thefe  points 
apply  a  portion  of  the  Epicycloid  B  V  H,  in  K  I,  L  M,  which 
will  be  the  fame  as  if  the  Epicycloid  had  been  deferibed,  be¬ 
ginning  in  the  points  K  L,  &c. 

We  may  likewife  take  as  great  a  portion  of  the  Epicycloid 
as  we  pleafe,as  B  V  H,  and  by  this  means  make  the  divifions  of 
the  circle  leffer  or  fewer.  The  figure  B  V  H  G  may  be  the  tooth 
of  a  wheel  which  may  be  limirted  by  the  right  line  H  G,  which 
sends  to  the  centre  C  of  the  circle,  or  by  any  other  line  as  you 
pleafe,  which  is  indifferent,  fince  this  part  of  the  tooth  doth  not 
caufe  any  effedt.  We  may  alfo  hew  a  little  the  fpace  between 
two  teeth,  as  D  N  O,  to  give  the  more  liberty  to  the  meeting 
of  the  parts  of  the  other  wheel  D  E  F. 

We  may  then  form  a  wheel  on  the  model  of  a  circle  with 
Its  teeth,  and  make  it  move  on  the  centre  C. 

Now  if  we  apply  another  wheel  to  the  hinder  part  of  it, 
whofe  centre  is  in  the  point  A  in  the  Horizontal  line  A  C,  and 
that  inftead  of  teeth,  on  the  circumference  D  E  F,  we  apply 
only  in  this  example  the  pegs  or  pins  of  wood  D  E  F,  &c.. 
which  we  fuppofe  indefinitely  Email  and  perpendicular  to  the 
plane  of  the  wheel j  ’Tis  certain  by  the  precedent  propofition* 
that  in  any  pofition  that  we  place  the  wheel  BOL  whofe  teeth 
meet  the  pins  of  the  other  wheel  D  E  F,  they  will  be  in  Equi¬ 
iibrio.,  if  the  moving  forces  applied  to  the  Circumferences  of 
die  two  wheels  be  equal  between  themfelves. 

Let  then  for  this  effedt  a  weight  Qjie  hung  from  the  cir¬ 
cumference  of  the  wheel  BOL,  equal  to  the  weight  R,  hung, 
and  applied  to  the  circumference  of  the  wheel  D  E  ;  thefe  two 
weights  will  then  abide  always,  in  Equiiibrio  in  any  manner 
that  the  teeth  of  the  wheel  BOL  meet  the  pins  of  the  wheel: 

D  E  F. 

But  if  we  apply  a  weight  P  to  the  circumference  or  another 
wheel  S  T,  which  hath  its  centre  common  with  that  of  the 
wheel  B  O  L,  and  which  is  faftned  with  it,  this  weight  P  will, 
be  to  the  weight  Q.,  as  C  B  to  C  S,  the  weight  P  will  be  ftili 
in  Equiiibrio  with  the  weight  R,  in  all  the  different  meetings, 
of  the  two  wheels ;  for  the  weight  P  making  Equilibrium 
with  the  weight  Cb  it  will  alfo  be  in  Equiiibrio  with  the 
■weight  R.v 
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_„.o_  being  difpofed  as  in  the  precedent,  I  fay,  it  mat- 
_  ters  nor  whether  the  divifions  of  the  wheel  B  K  L  he  e- 
qual  between  themfelves,  that  is  to  fay,  that  the  teeth  be  e~ 
quail y  difta-nt  one  to  another,  nor  the  pegs  D  E  F  on  the  cir¬ 
cumference  of  their  w  heel. 

it  matters  not  whether  it  have  one  or  more  teeth  of  the 
wheel  B  K  L,  which  adt  all  together  on  the  pins  of  the  wheel 
D  E  F,  for  there  will  be  no  more  but  the  fame  force  which 
will  be  applied  againd  that  of  the  wheel  D  E  F.  If  it  have 
but  one,  as  B  V  H,  all  the  force  of  the  weight  P,  will  adt  againd 
that  of  the  weight  R,  in  meeting  with  the  peg  D. 

Fig.  190.  If  you  would  have  two  together,  as  B  V  H  and 
K  I,  of  which  the  firft  adts  on  the  peg  D,  and  the  other  on 
the  peg  E,  his  evident  by  the  con  dr  11  dt  ion  of  thefe  teeth,  that  K I 
will  have  as  much  force  or  power  on  the  peg  E  againd  the 
weight  R,  as  B  V  H  on  the  peg  D  againd  the  fame  weight  R  3 
and  by  confequence  the  force  of  the  weight  P  diftributes  it 
fdf  equally  to  thefe  two  teeth,  each  of  which  counter- balan¬ 
ces  the  moiety  of  the  weight  R  :  It  will  be  the  fame  thing, 
if  you  have  three  or  more  which  adt  all  together. 

Thus  it  matters  not  if  you  have  one  or  more  teeth  which 
work  all  together,  and  his  indifferent  what  part  of  the  tooth 
meets  the  peg  againd  which  it  adts,  fince  it  will  have  always 
the  fame  force  3  which  was  to  be  demandrated. 

P  RO  P  0  S.  V. 

THe  Engin  being  difpofed,  as  before,  for  to  make  an  Equi¬ 
librium^  between  the  two  weights  P  and  R  3  I  fay,  that 
if  you  augment  the  moving  force  of  the  wheel  B  K  L  3  or, 
which  is  the  fame  thing,  if  you  add  fome  weight  2  to  the 
weight  P,  this  force,  or  this  new  weight  will  adt  equally  in 
all  the  different  encountrings  or  meetings  of  the  toothed  wheel 
E  K  L  with  D  E  F,  on  the  force,  or  on  the  power  3  or  la-ftly, 
on  the  weight  R  applied  to  the  wheel  DEF. 

Since  to  make  an  Equilibrium  between  the  weight  P,  aug¬ 
mented  by  the  weight  Z,  and  the  weight  R,  you  mud 
augment  the  weight  R  with  the  weight  Y,  which  mud  be  to 
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the  weight  Z  (  which  makes  the  augmentation  of  the  weight 
p  )  as  C  S  to  C  B,  and  then  the  two  weights  R  and  Y  toge- 
ther  will  make  through  all  an  mlbrtum  with  the  two  weights 
P  and  Z  together  ;  kis  evident,  that  in  any  portion  which 
thefe  twro  wheels  are  in,  the  weight  Z  will  be  always  in 
Equilibria  again!!  the  weight  Y  ;  and  by  confequence  the  two 
weights  P  and  Z  together  prevail  always  with  the  fame  force 
againft  the  one  weight  R,  which  is  meafmed  by  the  weight  Y, 
fince  it  wants  this  weight  to  make  the  Equilibrium,  which  was  to 
be  demonftrated. 

P  R  0  P  0  S.  6. 


WE  may  place  the  Super  dele  of  two  Wheels  in  the  fame 
Plane,  and  inftead  of  the  pegs  or  pins  which  foould 
be  faftned  on  the  Wheel  D  E  F,  we  may  make  the  teeth  at  the 
end  of  this  Wheel,  and  give  them  what  Figure  we  pleafe:  But 
then  the  teeth  of  the  other  Wheel  whole  figure  will  be  in  the 
Epicycloid ,  ought  to  have  a  figure  compofed  of  thofe  of  the 
Epicycloid  and  thofe  of  the  teeth  propofed,  this  compounded 
figure  forms  it  f elf,  as  I  fhail  explain  in  the  following  Ex¬ 
amples. 

Example  i . 

Ft g.  iyi.  The  mod  fimple  of  all  Figures  is  the  Circular  ; 
wherefore  I  propofe  ar  firft  fight  the  figure  of  the  teeth  of  the 
Wheel  B  E  F  in  a  circle.  Let  the  wheel-  be  B  E  F,  whofe  centre 
is  in  A,  which  hath  its  teeth  of  a  circular  Figure,  as  B  O  P,  and 
whofe  centres  will  be  on  the  circle  D  G  M,  which  hath  its  centre 
common  with  thofe  of  the  Wheel  A.;  let  the  centre  of  the  other 
Wheel  be  C ;  having  drawn  the  right  line  C  A  which  joins  the 
centers  of  the  two  Wheels, and  which  meets  with  the  circle  B  E  F 
in  B,  from  the  centre  C,  and  with  the  Radius  C  D  deferibe  the 
circle  D  I,  on  which  as  a  bale  make  the  Epicycloid  DVH,  which 
harhD  G  M  for  its  generaing  circle.  Now  if  from  ail  the  points 
DV  H,  of  the  Epicycloid ,  as  Centers  you  deferibe  the  circles 
O  N  L  equal  to  the  circle  which  Forms  the  teeth  of  the  Wheel 
B  E  F,  the  crooked  line  G  N  L  which  touches  all  the  circles, 
and  which  will  be  Parallel  to  the  Epicycloid ,  will  form  the 
figure  of  the  teeth  of  the  Wheel  B  K,  that  is  to  fay,  that  part 
of  the  tooth  which  a 6!s  again  ft  the  part  of  the  circular  tooth 
which  it  meets  in  its  motion,  for  to  the  other  parts  of  the  teeth 
which  it  meets  not  with,  I  have  already  faid  that  they  may  be 
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made  of  what  Figure  you  pleafe ;  but  you  ought  always  to 
make  choice  of  thofe  which  are  mod  durable,  and  moil  proper 

to  refill  the  force  of  the  motion.  . 

I  fay  now, if  you  apply  equal  powers  to  thefe  Wheels  with¬ 
in  the  diftances  of  their  centers  C  D,  A  D,  in  any  place  that 
the  teeth  meet,  you  will  have  an  h 

only  it  mud  be  obferved  that  the  meetings  or  tilde  Teeth  mult 

be  always  under  the  line  AC.  .  . 

By  the  %d.  Proportion  in  any  place  that  the  Epicycloid  D  V  ri 

is  applied  to  the  point  D  of  the  Wheel  D  G  M,  in  making  it 
move  about  the  Centre  A,  it  will  make  an  Equilibrium  between 
the  equal  Powers.  For  if  one  of  the  powers  cauie  the  other 
to  move,  it  will  caufe  it  to  run  over  a  fpace  equal  to  that 
which  the  fame  runs  over  it  felf.  Bur  by  conftrudion  ot  the 
tooth  ONL,  we  fee  that  the  crooked  line  O  N  L  meeting  tne 
circle  BzP  makes  the  point  D  fo  much  advance,  as  if  the 
Epicycloid  D  V  H  met  it:  For  the  diftance^  between  the  Epicy¬ 
cloid  D  V  FI,  and  the  crooked  line  ON  L  is  every  where,  that 
of  the  Semidiameter  of  the  Circular  tooth  B  z  P.  _ 

For  example,  when  the  centre  of  the  tooth  D  is  come  to  G, 
and  that  the  Epicycloid  D  V  H  is  placed  in  I  G,  its  point  G  be- 
in0-  ioyn’d  to  the  centre  of  the  circular  tooth,  tis  evident  that 
the  arch  D  I  of  the  circle  of  the  bale  will  be  equal  in  length 
to  the  arch  D  G  of  the  generating  circle  D  G  M  ;  But  then 
the  crooked  line  O  N  L  will  be  placed  in  on  /,  and  the  circu¬ 
lar  tooth  E  n  p  which  hath  its  centie  in  G,  will  neccllaiily  touch 
in  the  points,  the  crooked  line  or  cui \c  only  foi  the  fhortdl 
diftance,  from  the  point  G  of  the  Epicycloid  to  the  curve ion  l 
will  be  in  the  point  touchant  n  of  the  circle  E  n  jp,  and  of  the 
cuive.  So  when  the  point  D  of  the  Epicycloid  is  come  to  I,  the 
point  O  of  the  curve  will  be  come  to  0,  the  arch  O  0  will  be 
equal  to  the  arch  D  I,  and  the  curve  0  n  l  which  meets  the  circu¬ 
lar  tooth  in  will  be  made  to  advance  its  centie  in  G  on  the 
Epicycloid  I  D,  and  by  confequence  the  arch  D  G  will  be  equal 

in  length  to  the  arch  O  0,  or  D  I.  . 

I  have  faid  that  the  teeth  ought  not  to  begin  to  meet  or  ren¬ 
counter  themfeivesbut  underneath  the  line  A  G,  that  is  to  lay, 
that  the  bending  O  N  L  is  not  proper  for  to  ad  on  the  circular 
teeth,  but  when  the  point  O  of  the  curve  O  N  L  is  come  to 
D  y  and  by  confequence  this  curve  ON  L  begins  not  to  ad  a- 
gainft  the  curve  or  bending  of  the  circular  tooth,  but 
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.point  2,  where  it  is  cut  by  the  circle  D  G  M,  and  it  continues 
always  in  the  Rencounter  or  meeting  in  its  part  2  P,  in  de¬ 
fending  beneath  the  line  A  C.  We  may  then  Idlen  all  the 
part  2  B  of  the  circular  tooth,  fince  his  not  ufelul  in  the  move¬ 
ment,  or  motion,  and  ftnifh  it  on  the  circle  Z  D.  We  may 
alfo  finish  the  teeth  of  the  other  Wheel  by  the  curve  L  K  O, 
and  by  the  circle  O  D,  which  will  be  the  ground  of  the  teeth y 
gut  in  this  conftruction  we  ought  to  diltribure  the  teeth  after 
fuch  manner  in  each  Wheel  that  they  begin  to  rencounter 
or  meet  one  another  only  in  the  line  A  C,  and  that  they 
do  not  hinder  one  another  above,  which  will  always  be  eaiy 
to  do. 


Alfo  note,  that  the  curve  L  N  O  Parallel  to  the  Epicycloid , 
begins  always  out  of  the  circle  O  D  I,  and  afterwards  that  it 
is  between,  or  within  ;  and  Jaftly,  that  the  diameter  of  the  gene¬ 
rating  circle  is  greater  than  D  B,  which  is  eafy  to  demoniirate 
by  the  generation  of  the  Epicycloid ,  but  1  confider  not  in 
this  place  but  the  part  O  N  L  of  this  curve  which  is  without 
the  circle  GDI  when  his  in  this  kind. 


We  ought  always  to  avoid  in  the  teeth  of  Wheels  to  make 
them  work  above  the  line  A  C  which  joins  their  centers, 
becaufe  the  wearing  or  rubing  in  them  is  very  great,  and  that 
on  the  contrary  ’tis  not  aim  oft  confiderable  in  them  below, 
iiippofing  that  the  motion  of  the  Wheels  will  be  from  above 
to  beneath  the  line  A  C.  In  the  mean  time  if  you  would  that 
the  teeth  of  thefe  Wheels  work  in  rencountring  themfelves  a- 
bove  A  C,  it  tnuftbe  in  the  making,  as  I  (hall  (hew  by  and  by, 
after  I  have  fnewn  a  general  method  tor  making  the  teeth  of 
one  Wheel  in  different  manners,  thole  of  the  other  being  al¬ 
ways  .given  the  lame. 


Example  %■. 

.  i  ■  ■  t  .  f  '  e  ■  >  5  '  '  » 

Fig.  f  pi.  Inftead  of  the  Centre  D  of  the  circular  tooth  pro- 
pofed,  as  in  the  precedent  example,  I  take  another  point  like 
that  where  I  pfeale,  as  B  on  this  tooth,  and  by  means  of  this 
point  I  find  the  figure  of  the  tooth  B  i\ i  N,  which  ought  to 
work  with  the  propofed  ,  but  for  to  caufe  the  tooth  propofed 
to  aft  or  work  in  as  manv  pans  as  is  poftible,  wejought  to 
ch  ale  a  point  in  this  tooth  which  may  be  the  neareft  to  the 
Centre  C  of  the  other  Wheel,  in  the  motion  of  this  point 

chofen 
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chofen  about  the  center  A  of  the  Wheel  unto  which  his  faff- 
ned,  and  this  point  will  be  the  point  B  in  this  Example* 

From  the  centre  C  and  with  the  Radius  C  B  defedbe  the  circle 
B  K,  which  will  be  the  bafe  of  the  Epicycloid  B  V  V,  whole 
generating  circle  is  BGG  defcribed  from  the  centre  C  and 
Radius  A  8;  then  from  the  centre  A  having  drawn  the  Ra¬ 
dius  AG,  from  the  centre  C,  and  by  the  Radius  C  G  we  may 
deferibe  the  circles  G  V,  which  cut  the  Epicycloid  in  V,  and 
by  thefe  points  V  we  may  draw7  the  lines  V  H  1,  which  make 
the  angles  C  V  I  equal  to  the  angles  C  G  A.  Then  on  the  lines 

V  H  I  we  may  apply  the  figure  B  &  of  the  tooth  propofed  in 
the  fame  manner  as  his  applied  to  the  line  A  B,  in  making  ic 
agreeable  in  the  point  B  or  V,  and  we  may  draw  the  curve 
line  BNN  that  fhall  touch  the  curvature  or  bending  of  the  pro¬ 
pofed  tooth,  in  all  thefe  different  Poiltions,  which  fame  thing 
will  happen  for  the  circle,  if  we  take  on  V  H  the  Magnitudes 

V  H  equal  to  B  D  the  radius  of  the  circle  of  the  propofed  tooth* 
and  that  from  the  points  H  for  a  center  we  deferibe  the  cir¬ 
cles  N  equal  to  thofe  of  the  tooth. 

It  plainly  appears  by  this  formation  of  the  curve  BNN 
that  in  any  pofition  that  it  meets  the  circular  tooth,  the  point 
B  of  the  curve  BNN  being  beneath  A  C,  there  will  be  every 
where  an  Equilibrium  between  2  equal  Powers  applied  to  thefe 
Wheels  in  the  difiances  C  B,  A  B,  from  their  centers  C  A  :  For 
we  may  demonftrate,  as  in  the  preceeding  example, that  in  any 
pofition  that  the  curve  B  N  N  is  applied  to  the  circular  tooth, 
it  will  be  difpofed  to  make  its  way  in  the  point  B  on  the  cir¬ 
cle  B  G,  a  fpace  equal  to  that  which  the  lame  point  B  makes 
on  the  circle  BK.  For  example,  if  the  point  B  in  runing  over 
the  fpace  BKon  the  circle  B  K,  the  fame  point  B  comes  to 
G,  by  means  of  the  Epicycloid  B  V,  which  muft  be  placed 
in  K  u,  but  the  curve  BNN  will  be  placed  in  K  and  its 
point  N  will  be  applied  in  the  points, of  the  circular  tooth  b  Z, 
tranfported  in  G  »,  which  will  have  its  center  in  h  on  A  G, 
and  by  confequence  the  curve  K  w,  which  ads  on  the  circu¬ 
lar  tooth  G  n  in  the  point  n,  makes  the  point  G  to  advance, 
fo  much,  as  if  the  Epicycloid  fliould  be  placed  in  K  G,  and 
joined  to  the  curve  K  n. 

’  Fis  eafily  feen,  that  if  the  tooth  of  the  Wheel  B  K  is  formed 
as  the  curve  BNN,  ic  will  begin  to  ad'  on  the  circular  rooth 
B  Z,  in  the  point  B  on  the  line  A  C :  For  fo  fbon  as  the  point 

B  of 
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B  of  the  curve  B  N  N  is  come  to  A  C,  and  that  it  touches 
the  point  B  of  the  circular  tooth,  the  2  teeth  begin  to  ait  one 
again  ft  the  other,  and  to  meafure  how  much  the  tooth  B  NN 
defcends  its  different  points  N,  as  they  are  applied  in  different 
places  of  the  circular  tooth  B  2. 

Note,  that  if  we  take  the  lines  V  H  I  equal  to  B  A,  all  the 
points  I  will  he  in  the  circumference  of  the  circle  A  1 1,  whole 
center  is  in  C;  and  moreover,  that  all  thefe  points  1  will  be 
the  Centers  of  the  generating  circle  of  the  Epicycloid \  in  the 
different  portions  whence  it  deferibes  the  points  V. 

Lafily ,  we  may  take  the  point  B  for  the  Commencement  of 
the  Epicycloid  in  what  place  you  pleafe,  whether  within  or 
without  the  tooth,  indeed  of  taking  it  in  B  on  the  curve  of 
the  propofed  tooth,  as  is  done  in  this  example,  and  we  may 
find  always  a  curve  for  the  tooth  which  ought  to  work  with 
thofe  propofed,  and  which  ought  to  make  an  Equilibrium  be¬ 
tween  two  equal  Powers,  which  I  fhall  explain  in  the  follow¬ 
ing  Examples. 

Example.  3. 

Let  the  right  lined  tooth  be  2  D,  which  makes  with  the 
Radius  A  2  the  angle  A  Z  D,  and  let  the  point  be  D  of  this 
tooth  which  ought  to  begin  to  work  with  the  tooth  of  the 
other  Wheel  b  having  taken  any  point  B  in  the  line  ADC 
which  joins  the  centers,  and  which  paffes  through  the  point 
D,  determining  to  what  place  the  tooth  A  2  D  Ikould  be  made 
to  move  on  its  center  A  ;  or  if  the  point  D  be  not  deter¬ 
min’d  on  the  tooth  Z  D,  and  that  there  be  given  the  point  B 
of  like  pofition  to  the  line  Z  D,  or  to  the  angle  A  Z  D,  hav¬ 
ing  drawn  A  B  which  cuts  Z  D  in  D,  we  may  place  the  line 
AB  on  the  line  A  C,  and  deferibe  the  circle  B  K  from  the 
center  C,  and  the  Radius  C  B  •  this  circle  will  be  the  bale  of 
the  Epicycloid  B  H  M,  of  which  the  generati  ng  circle  is  B  G,de- 
feribed  from  the  center  A  on  the  Radius  A  B. 

Then  to  all  the  points  G  of  the  circle  B  G,  having  drawn 
the  Radius’s  A  G,  and  from  the  Center  C,  and  for  the  Radij 
C  G  having  defended  the  arches  of  the  circle  G  V,  which  ren¬ 
counter  in  V  the  Epicycloid  B  V  M,  I  draw  G  V,  and  after¬ 
ward  V  H  I,  which  makes  the  angle  C  V  I  equal  to  the  angle 
CGA,  on  V  L  I  apply  the  line  H  Z  in  the  fame  manner  that 

L  Z 
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DZ  is  applied  toB  DA,  that  is  to  fay,  that  VH  is  taken  e- 
qual  to  B D,  and  that  the  angle  VHZ,  is  equal  to  the  angle 
bDZ,  the  lines  H  Z  will  interfedt  them  all,  whence  we  may 
draw  the  curve  line  D  N  which  will  touch  them,  this  line  D 
N  will  be  the  figure  of  the  tooth  which  we  feek,  and  which 
ought  to  be  applied  to  the  wheel  B  K. 

Tis  evident  by  what  is  demonftrared  before  of  the  forma¬ 
tion  of  the  fecond  teeth  on  the  firfl  which  are  given,  that  the 
curve  D  N  of  the  tooth  applied  to  the  wheel  B  K  meeting  the 
right  lined  tooth  D  Z  below  the  line  A  G,  and  beginning  in 
the  point  D  will  make  every  way  an  Equilibrium  between  z 
equal  powers  applied  to  the  z  wheels  in  the  difiances  of  C  B 
and  A  B,  that  is  to  fay,  in  the  extream  of  their  Radij  3  for  if 
we  fuppofe  that  the  line  C  B  have  tranfported  the  point  B  toK, 
the  Epicycloid  B  V  M  will  be  placed  in  K  G,  and  the  line  A  B 
will  be  placed  in  A  G,  fo  that  the  arch  B  G  will  be  equal  in 
length  to  the  arch  B  K  by  the  property  of  the  Epicycloid. 
But  then  in  this  polition,  the  tooth  will  be  in  A  S  J,  and  the 
curve  D  N  being  put  in  E  n%  its  point  n  which  is  the  fame  as 
the  point  N,  will  touch  the  tooth  in  n  3  and  even  as  in  all  the 
points  as  G  and  X  the  motion  will  be  equal,  there  will  be  eve¬ 
ry  way  an  Equilibrium  between  the  two  equal  powers. 

Where  Note,  That  we  ought  not  to  determine  the  length  of 
the  right  lined  face  Z  D  of  the  tooth  towards  D  3  for  it  may 
happen  in  fome  cafes  that  the  curve  D  N  may  not  be  touchant 
to  all  the  lines,  as  H  Z,  for  thefe  lines  H  Z  inter  fed!  not,  their 
extream  H  being  determined  and  they  rencounter  not  the  next 
and  if  we  fhould  draw7  the  curve  line  D  N  N  through  all  the 
points  as  H,  it  would  happen  that  only  the  end  or  extream  D 
of  the  tooth  would  work,  and  would  notwithftanding  make 
the  motion  equals  but  this  is  not  that  which  is  propofed  in  this 
place* 

Example  4. 

Tig.  194.  We  may  yet  make  another  fort  of  right  lined 
tooth,  the  face  of  which  tends  to  the  center  of  its  wheel,  and 
by  this  means  the  tooth  which  adts  again fi  it,  has  not  its  face  in¬ 
clined  to  the  circle  on  which  it  is  faftned,  as  in  the  preceeding 

P  p  Exam- 
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Examples^nd  this'kind  of  tooth  is  one  of  the  eafiefl  to  execute  in 
great  Engins,  and  moil  ufeful  for  the  motion. 

Let  the  face  be  F  D  of  this  right  lined  tooth  which  tends  to 
the  center  A  of  its  wheel,  and  which  is  placed  in  the  line  A  B 
C  which  joins  the  centers  of  the  wheels.  By  any  point  B  of 
the  line  A  C,  and  from  the  center  C,  defcribe  the  circle  B  K 
which  is  the  bafe  of  the  Epicycloid  B  V,  whofe  generating 
circle  is  B  G,  defcribed  from  the  center  A  and  the  Radius  A 
Bj  having  drawn  all  the  Radij  A  G,  and  the  lines  C  G  which  - 
are  the  Radij  of  the  circles  G  V  which  rencounter  the  Epicy¬ 
cloid  in  V,  whence  the  angle  C  V  I  will  be  made  equal  to  the 
angle  C  GA.  Laflly,  whence  we  may  draw  the  curve  D N  N 
which  will  touch  ail  the  lines  V  I  in  their  different  pofitions, 
and  which  will  be  the  figure  of  the  tooth  which  ought  to  be 
applied  to  the-  wheel  B  K.  This  tooth  D  N  N  rencounters- 
the  face  F  D  in  all  its  different  pofitions,  and  will  make  every 
way  an  Equilibrium  between  i  equal  powers  applied  to  their 
wheels  in  the  diftances  of  C  B  and  A  B.  For  the  curve  DNN 
being  placed  in  d  w,  which  is  faftned  to  the  Radius  CK  and 
rencounters  the  face  A  F  D  of  the  tooth  propofed  in  n  in  the 
pofition  A  G,  will  make  the  fame  eifeft  on  the  point  G,  as  the 
Epicycloid  D  V  placed  in  KG,  as  I  have  made  appear  in  the 
preceeding  example. 

’Tis  eafy  to  behold  by  what  is- explained  before,  that  it  will* 
not  be  difficult  to  form  the  tooth  which  we  feek,  that  which 
is  given  being  of  another  figure  than  the  circular  or  right, 
fined,  as  Parabolique,  Hyperbolic,  and  the  fame  in  the  Epicy¬ 
cloid. 


prop  os..  VII. 

ONe  may  defcribe  an  Epicycloid  on  a  bafe  which  is  con- 
centrick  to  the  wheel  which  carries  the  propofed  tooth, 
and  by  means  of  this  Epicycloid,  we  may  find  the  Figure  of 
the  fecond  tooth,  as  in  the  preceeding  proportion. 

Fig-.  i9>.  Let  Z  D  be  the  figure  of  the  tooth  propofed 
which  is  applied  to  the  wheel  Z,  the  center whereof  is  A  3 
and  on  this  hrft  tooth  mark  the  point  D,  which  ought  to  begin 
to  work  or  aft  with  the  fecond  tooth  that  we  ought  to  apply 
the  other  wheel,  place  the  tooth  2D  in  making  it  turn 

with 
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curve  which  rencounters  the  tooth  in  the  pofition  S  n  ren¬ 
counters  it  in  the  fame  manner,  and  in  the  fame  place  as  the 
point  N  which  it  forms.  So  the  Epicycloid  will  be  in  the  po¬ 
sition  G  K,  and  by  confequer.ee  two  equal  powers  being  ap¬ 
plied  to  thefe  two  wheels  in  the  diftances  of  their  Radii  A  R, 
CB,  will  a£t  every  way  equally,  and  will  make  an  Equilibrium 
in  all  the  Rencounters  of  the  teeth  of  the  two  wheels. 

P  RO  P  0  S«  VIII. 

To  apply  a  little  Wheel  injlead  of  a  Tooth  to  the  Wheel  of 

an  Emin, 

o 

Fig.  T  Have  noted  in  the  6th.  Propofitlon,  That  the  fecond 
196.  JL  Tooth  ought  not  to  begin  to  work  with  the  fir  ft,  but 
on  the  line  A  C  ;  becaufe  that  the  wheels  having  their  mo¬ 
tion  above  or  below  this  line,  the  faces  of  the  Teeth  which 
rencounter  themfelves  in  their  removing  one  from  another, 
do  only  rub  one  another  in  making  their  efcape,  which  cau- 
fes  not  any  fenfible  hinderance  to  the  motion  •  whereas  when 
the  rubing  is  made  by  the  rencountring  of  the  parts  which 
venter  or  come  upon  one  another,  the  Impediment  to  the  mo¬ 
tion  is  very  confiderabk,  and  is  that  which  we  chiefly  ought  to 
avoid  in  Machines  and  Engines. 

Behold  here  a  particular  ccmftru&ion  for  the  Teeth  of 
Wheels  of  a  great  Engin,  where  the  faces  which  rencounter 
themfelves  or  meet,  are  made  fo  that  they  touch  one  another 
without  rubing  or.  wearing,  and  what  remains  is  only  made  on 
the  Axis, or  Pivot. 

The  conftruCiion  of  thefe  Teeth  is  the  fame  as  thofe  of  the 
fir  ft  Example  of  the  6th.  Proposition,  but  the  Application  is 
different:  In  the  6th.  Propofitlon  the  circular  Tooth  propofed 
is  flayed  firmly  by  the  Wheel  ;  but  in  thofe  here  that  is  a  lit¬ 
tle  Wheel  which  is  movable  about  its  centre  D,  on  an  axle- 
tree,  or  pin,  placed  at  the  end  of  the  Radius  A  D  5  there  will 
be  then  no, other  fretting,  or  wearing,  in  this  Engin,  than  that 
of  the  little  wheels  2  P  on  its  axis ;  for  the  circumference 
will  apply  it  felf  every  way,  without  fretting,  or  wearing,  on 
the  Curve  of  the  other  Tooth  O  N  L. , 
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Tis  evident,  that  this  application  of  the  little  wheel  cannot 
make  any  varying  from  what  I  have  demonftrated  of  the  cir¬ 
cular  Tooth  in  the  6th.  Proportion,  and  that  the  effeft  of  the 
Engin  will  be  the  fame  :  For  it  matters  not  whether  the 
Curve  O  N  L  rencounter  or  meet  the  circle  ()2P  of  the  lit¬ 
tle  wheel,  or  the  rooth  of  the  fame  figure,  fince  its  center  D 
will  be  always  the  fame  way. 

V  R  0  P  0  S.  IX. 

The  Conftruclion  of  an  Engin  to  raife  Water  according  to 
the  precedent  Form . 

Fig.  T  M  O  I  is  a  great  Wheel  made  of  great  pieces  of  wood 
197.JU  joined  together  one  with  another,  which  is  pofited 
or  placed  horizontally,  the  Axis,  or  Tree  A  B,  of  this  Wheel  is 
a  large  piece  of  wood  which  is  moved  by  its  bafe  on  a  Pivot, 
or  Spindle  P,  being  only  faftned  at  top  with  a  pin  of  Iron  to 
keep  it  always  perpendicular  :  This  Wheel  is  toothed,  or  wa¬ 
ved,  on  the  edge  after  the  manner  of  Wheels  in  rencountring, 
or  meeting,  in  common  Clocks  3  and  it  hath  but  $  Teeth,  as 
O  I,  which  aft  in  palling  upon  the  little  Wheel  RS,  which  is 
movable  on  its  axis  C  :  This  Axis  is  faftned  to  the  arm  D  C, 
which  is  likewife  movable  about  its  axis  D,  which  is  ftaycd 
firm  at  any  union  :  The  arm  D  C  is  join’d  and  faftned  to  the 
portion  of  the  circle  D  E  F,  fo  that  they  cannot  rfiove  the  one 
without  the  other  3  on  the  thicknefs  of  the  arch  E  F  it  mull 
have  a  double  hat  chain  H  G,  faftned  towards  the  top  in  E^ 
and  this  Chain  hath  wo  rings  at  the  end  of  it,  which  fu- 
ftains  the  handle  of  Iron  which  carries  the  Pin,  or  Peftle,  of  a 
drawing  Pump  :  The  Leaver,  or  Arm  N,  of  this  Engin  paftes 
in  the  Tree  in  B,  and  may  be  flayed  if  one  will  by  the 
wheel  to  make  it  more  firm  3  it  muft  have  two  little  Wheels, 
fuch  as  thofe  I  am  coming  to  defcribe,  which  are  diametri¬ 
cally  oppofite  under  the  Wheel,  and  which  do  always  aft  by 
turns  one  after  another  3  for  by  this  difpofition  of  the  little 
wheels  when  one  appears  in  the  bottom,  or  hollow  of  the  wave, 
the  other  appears  on  the  top  :  But  the  Wheel  turning  from 
Q  to  1,  the.  little  wheel  defcends  in  the  rencounter  to  the  parr 
©  o  of  the  wave,  and  amounts  again  in  the  other,  we  muft 
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*  condder  but  the  part  OQ^of  the  ’wave,  for  there  is  but  that 
that  works  for  to  lower  the  Jittle  Wheel  which  raifes  the 
Peftle,  or  Sucker,  of  the  drawing  Pump,  and  which  fuflains 
all  the  weight  of  water ;  the  little  Wheel  mounting  again  in 
the  other  part  of  the  wave  makes  not  any  effort  or  endeavour 
againd  the  Wheel,  for  it  follows  only  the  hollow  turning,  or 
winding  of  the  Tooth,  not  being  raifed  but  by  the  weight  of 
the  Pedle,  or  Sucker,  and  its  handle,  and  of  the  Triangle  D  E  F, 
which  fall  again  beneath  by  their  proper  weight,  which  we  may 
make  very  near  equal  to  that  of  the  little  wheel. 

All  the  effort  of  the  Wheel  is  made  only  by  its  weight  in 
1  fuch  manner,  that  if  it  is  as  heavy  as  the  weight  of  the  Co¬ 
lumn  of  water  which  it  ought  to  fuftain  in  the  body  of  the 
Pump,  the  didance of  the  Leavers  being  compenfated,  kisevi- 
1  dent  that  there  will  not  be  any  condderable  rubing  on  the 
pivot  P ;  But  it  mud  be  always  fonaewhat  heavier,  fc  that  it 
1  ma y  not  go  out  of  the  Iron  wherein  the  Pivot  plays,  for  other- 
wife  it  will  work  on  the  two  little  wheels  all  the  time,  which 
mud  be  avoided. 

The  number  of  Teeth  of  this  Wheel  ought  to  be  odd,  fo 

•  that  it  may  have  always  one  of  the  two  little  Wheels  oppodte 
which  work,  and  that  the  power  which  moves  the  leaver  N, 

vmay  aid  always  equally,  and  not  by  jumps  or  skips,  as  it  com¬ 
monly  happens  in  thofe  Engins  which  have  not  one  or  two 
wheels.  *  Pis  in  this  that  the  principle  direction  of  the  con- 
ftrudtion  of  Teeth,  and  the  podtion  of  fmall  wheels  condds; 
For  which,  that  we  may  always  keep  to  the  rule  in  the  form 
of  the  Teeth,  we  mud  have  refpedt  to  the  proportions  of  the 
height  and  length  of  the  Teeth  with  the  diameter  of  the 


wheel. 

We  mud  obferve  that  his  not  poilible  that  the  face  of  the 
Teeth,  or  of  the  waves  of  the  wheel,  If  ou Id  work  in  every  place 
on  the  little  wheel  at  equal  didances  from  the  Axis*  of  the 
wheel,  bcCiiife  the  motion  of  the  wheel  is  circular  and  hori¬ 
zontal,  and  that  of  the  little  wheel  is  vertical  or  perpendicu¬ 
lar ,  for  it  happens  that  when  the  Teeth  rencounter  the  little 
wheel  in  their  lower  part,  and  from  their  point,  if  the  Axle- 
tree  of  the  little  wheel  is  equally  removed  from  the  Axis  of 
the  wheel,  it  will  be  nearer  when  the  little  wheel  is  towards 
the  moiety  of  its  defeent,  which  will  be  eadly  known  in  the 
‘  me  j  this  difference  of  removing  will  caufe  a  little  fretting 

wearing 
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wearing  of  the  face  of  the  Tooth  with  the  little  Wheel ;  B  it 
thefe  are  fuch  faults  which  are  impoilible  to  be  wholly  avoid¬ 
ed  in  Engins,  and  we  ought  to  refpedt  thofe  which  have  the 
leaft,  or  the  leaft  confiderable,  for  the  moll  per  fed*. 

For  the  conftrudion  of  the  Teeth  of  the  great  wheel  of  this 
Engin,  we  ought  to  confider  them  as  if  they  were  in  the  fame 
plane  as  thofe  of  the  little  wheel,  and  when  we  have  deter;*' 
min’d  the  figure,  we  apply  it  on  the  wheel  to  the  place  where  • 
it  rencounters,  or  meets  the  little  wheel,  ferving  as  a  profile  or 
fit  fize  cut  from  the  figure  of  the  Tooth, 

Fig.  198.  Having  determined  the  center  D  of  motion  of 
the  arm  D  C  of  the  little  wheel  R  S,  and  the  fize  D  C  of  the 
arm,  from  the  center  D,  and  by  the  Radins  D  C  defcribe  the 
circle  C  E,  on  which  draw  the  line  ABC  touching  in  C  3 
on  the  line  B  A  for  a  bafe,  and  C  E  for  the  generating  circle 
defcribe  the  Cycloid  C  V  V,  and  through  ail  its  points  V  V  as. 
centers  defcribe  the  circles  N  equal  to  thofe  of  the  little  wheel ; 

I  fay,  that  the  crooked  or  curve  line  SNN  which  touches  all 
thofe  circles  will  be  the  figure  of  the  Wave. 

If  we  imagin  that  the  right  line  B  A  moves  from  B  towards 
A  on  the  fame  with  the  Cycloid  C  V  V  which  is  faftned  to  ity 
his  evident  that  every  point  B  of  the  line  B  A  will  have  fo 
much  of  the  way  as  the  point  C  will  have  about  the  center  D, 
being  moved  by  the  Cycloid  V  V.*  For  if  the  point  C  of  the : 
line  B  A  is  tranfported  in  T  through  the  fpace  C  T,  the  Cy¬ 
cloid  C  V  will  be  placed  in  T  E,  and  the  point  C  will  be  arri¬ 
ved  at  E,  on  the  arch  of  the  circle  CE:  But  by  the  generati¬ 
on  of  the  Cycloid,  the  arch  C  E  is  equal  in  length  to  the  right 
line  C  T,  then  two  equal  powers  one  of  which  moves  the  line 
CT  on  the  fame,  and  the  other  moves  the  point  C  about  the 
center  D,  will  make  an  Equilibrium  every  where,  for  we 
ought  to  confider  the  right  line  B  A  as  the  circumference  cf  a 
circle  whofe  center  is  infinite  or  endlefs. 

But  now  if  inftead  of  the  point  C  of  the  Radius  D  C,  we 
apply  the  little  circular  wheel  RS,  whofe  center  is  in  C,  his 
plain  by  the  conftrudtion  of  the  curve  SNN  that  it  will  have  the 
fame  effeS  on  the  center  C  of  the  little  wheel  in  rencountring 
its  circumference,  as  if  the  Cycloid  C  V  V  ftiould  rencounter 
only  the  point  C  •  For  the  center  C  being  put  or  placed  in  E, 
the  point  N  of  the  curve  SNN  will  be  placed  in  fo  that  E 
n  will  be  alhorter  diftance  from  the  point  E  of  the  curve* 
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In  the  conftrutdion  of  the  Teeth  of  this  Engin,  one  ferves 
not  al!  the  curve  S  N  N  form’d  on  the  whole  Cycloid,  bur 
only  on  one  part,  and  that  which  you  pleafe,  for  otherwife  it 
would  happen  that  the  waves  would  be  too  great.  We  may 
then  take  for  Example  in  Fig.  31.  the  middle  part  N  X  of  the 
whole  curve  S  N  X  F,  which  is  formed  on  the  half  Cycloid 
C  N  ;  fo  the  bottom  of  the  wave  will  be  formed  by  the  circle 
of  the  little  wheel  in  the  portion  N  Z  P,  and  its  point  will 
be  in  the  point  X3  we  may  give  very  near  the  fame  figure  to 
the  parr  of  the  Wave  which  mounts  up  again  and  works  nort 
to  the  intent  that  the  little  Wheel  may  roul  away  more  eafily 
in  remounting  within  the  bottom. 

Fig.  1  v).  We  mud  note, that  when  the  little  Wheel  is  come 
to  the  end  X  of  the  Wave,  the  center  M  of -the  little  Wheel  is 
not  fo  far  as  it  may  be  from  the  point  X,  that  is  to  fay,  that 
the  line  M  X  is  not  perpendicular  to  B  C:  But  as  the  point 
X  defcribes  a  line  parallel  to  B  C,  it  works  only  on  the  cir¬ 
cumference  of  the  little  Wheel,  until  that  the  point  M  is 
come  within  the  line  M  X,  perpendicular  to  B  C  3  the  center 
M  of  the  little  Wheel  will  defcribe  then  in  that  place  a  fmail 
arch  of  a  circle  equal  to  thofe  of  the  little  Wheel,  and  it  will 
happen  that  the  point  X  of  the  wave  will  be  blunted  or 
dulled  a  little  in  the  fuccellion  of  the  work,  which  will  nor 
happen  if  one  ferves  for  all  the  curve  N  X  F;  for  the  wave  will 
not  be  one  point  from  its  extream  F,  as  in  the  point  X,  be- 
caufe  that  the  Touchant  of  the  curve  in  F  is  Parallel  to  B  C, 
and  the  Touchant  in  X  is  inclined  to  the  fame  line  B  C:  Tis 
evident ,  that  the  work  of  the  point  X  wili  only  endure  fo 
much  more  time  as  the  little  Wheel  is  more  great ;  for  the 
arch  which  the  point  M  defcribes,  will  be  greater  for  draw¬ 
ing  the  point  M,  in  the  linAe  drawn  by  X  perpendicular  toB  Q 
than  if  the  Radius  of  the  little  Wheel  fhould  be  Idler :  There 
is  (till  one  inconveniency  in  a  great  little  Wheel  y  for  it  mull 
have  greater  ballances  on  one  tide,  and  on  the  other  under  the 
wave,  becaufe  that  it  moves  on  two  points  one  of  which  is  its, 
Pivot,  and  the  other  is  that  of  the  arm  and  of  the  Portion  of 
the  circle  which  carries  the  chain,  which  will  not  be  fo  con- 
jiderable  in  a  fmail  Wheel :  But  if  the  little  Wheel  be  very 
fmail,  it  rauft  take  away  a  greater  portion  of  the  curve  N  N, 
to  form  the  wave  that  it  may  have  always  the  fame  Eleva¬ 
tion  in  the  peftle,  or  rod  of  the  Pump. 
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*Tis  eafily  feenthat  the  chain  which  is  faftned  to  the  portion 
of  the  circle  ferves  to  raife  the  Peftle  always  perpendicular, 
which  is  a  very  good  ufe  in  thefe  forts  of  Pomps :  For  other- 
wife  if  the  jiandie  which  carries  the  Peftle,  be  only  faftned  to  a 
Leaver onovable  about  an  axis  as  D  in  this  Engin,it  will  happen 
that  the  Peftle  will  be  drawn  fometimes  to  one  fide,  and  forne- 
times  to  the  other,  and  wear  unequally  in  the  body  of  the 
Pomp  in  working,  which  will  deftroy  it  in  a  third  part  of  the 
time,  as  I  have  obferved  in  fome  rencounters. 

P  R  0  P  0  S.  X. 

We  may  likeivife  apply  the  fame  conftruffion  to  wings,  or  to 
the  Axle-tree  of  Mills ,  which  have  their  Wheel  vertical \ 
md  whichare  for  Powder,  for  Paper,  for  Fulling,  for  Forg¬ 
ing,  &c.  or  it  may  raife  Peftles ,  very  near  as  you  fee  re - 
prefented  in  this  figure. 

Fig,  y  shall  here  reprefent  only  two  of  thefe  Peftles,  but  wc 
200.  A  may  put  as  many  as  we  pleafe,  or  as  many  as  the  mover 
of  the  Wheel  can  make  to  go  3  you  muft  always  put  two  wings 
oppofite,  as  A  B  and  C  D,  to  work  on  each  Peftle,  to  the  end 
that  when  one  of  thefe  Wings  as  B  having  quitted  the  little 
Wheel  E  from  the  arm  of  the  Peftle,  and  that  it  is  fallen,  then 
immediately  the  other  Wing  A,  which  is  oppofite  to  B,  begins 
to  relieve  it. 

We  may  alfo  obferve  that  if  we  have  two  Peftles,  it  behoves 
that  the  wings  which  belong  to  each  one,  will  be  applied 
one  after  another,  to  the  axis  oi  the  Wheel,  as  we  fee  here, 
where  the  Azis  is  to  4  Panes,  becaufe  that  it  hath  four  wings 
and  two  Peftles,  and  where  the  wings  A  and  B  are  applied 
to  the  two  oppofite  faces  of  the  axis,  and  the  two  other  wings 
C  and  D,  which  belong  to  the  other  Peftle  are  applied  to  the 
two  other  oppofite  faces  of  the  fame  Axis :  If  we  would  then 
have  three  Peftles  and  fix  wings,  we  muft  cut  the  Axis,  or 
Tree,  into  6  panes,  or  fides,  and  if  we  would  have  four,  we 
muft  cut  it  into  8  fides,  unlefs  we  apply  two  Peftles  on  the 
fame  face,  and  then  there  needs  but  half  of  the  faces  to 
the  tree. 

Q^q  But 
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Bur  it  inuft  be  obferved  that  we  do  not  place  the  wings  to¬ 
gether,  which  are  applied  to  the  fame  face,  but  to  mingle 
them  with  the  others,  that  fo  the  Endeavour,  or  effefi,  may 
diftribute  it  felf  equally  on  the  Axis,  or  tree,  that  is  to  fay,  that 
the  raifed  Peftles  fhould  not  be  together. 

I  do  not  reprefent  in  this  figure  but  one  of  the  kinds  of 
making  the  motion  equal,  which  is  by  giving  a  crooked  figure 
to  the  wings  which  are  faftned  to  the  Axis  of  the  Wheel,  and 
by  placing  the  little  Wheels  to  the  end  of  the  arm  of  the 
Peftles,  although  there  be  yet  another,  in  making  the  arms 
of  the  Peftles  of  a  curved  or  crooked,  figure,  and  in  applying 
the  little  Wheels  to  the  end  of  the  right  wings  of  the  Axis  of 
the  Wheel :  But  I  will  explain  thefe  'two. kinds  in  the  com 
ftrufiion  of  the  Curves  or  Crooks. 

I  have  not  given  here  the  conjunction  of  this  Engin,  nor  the.: 
manner  of  ftrengthning  all  the  pieces,  kis  fufficient  for  him:, 
that  regards  the  Mechanicks  to  ft tew  the  difpofition,  the  reft r 
belongs  to  the  Art  of  Carpentry. 

The  fir  ft  kind .  Fig.  2CL, 

The  firft  kind  of  applying  the  Curve  to  this  Engin  is  thatt 
'which  is  reprefen  ted  in  the  precedent  Figure  3  let  the  point  C 
be  the  Center  of  the  Axis  of  the  great  Wheel,  and  C  A  the 
difiance  from  the  Center  to  the  handle  of  the  Peftles,  on 
the  right  line  C  A  having  determind  the  point  B,  which  is  the 
extream  A  B,  of  the  arm  of  the  Pefile,  and  w?hich  is  the  Cen¬ 
ter  of  the  little  wheel  which  we  apply  to  the  end  or  extream 
of  the  arm  •  and  from  the  center  G,  and  by  the  Radius  C  B0 
having  deferibed  the  circle  B  D,  make  the  Epicycloid  B  V  V  on 
the  circle  B  D  for  the  Rafe,  the  generating  circle  having 
its  center  at  an  infinite  diftanee,  that  is  to  lay,  that  the  circum¬ 
ference  of  this  circle  is  a  right  line,  and  that  the  Epicycloid  B  V  V 
is  the  la  ft  or  all,  which  is  alfo  the  Curve  line  deferibed  by 
the  roling  of  the  circle,  as  is  noted  before. 

Then  from  ail  the  points  V  of  this  Epicycloid ,  having  deferibed 
the  circles  hf  e.quaPto  the  circle  E  F  of  the  little  Wheel,  the 
Curve  E  N  N  which  touches  all  thefe  circles  will  be  the  faftiion 
or  form  of  the  arm  of  the  tree,  or  axis  of  the  Wheel. 

Following  the  fame  method  of  demonftradon,  that  I  have 
obferved  before,  it  is  evident  that  in  whatfoever  Pofition  the. 
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arm  E  N  N  of  the  axis,  fhall  he  in  turning  about  its  axis  G,  -in 
will  have  always  equality  of  motion  between  the  center  of  the 
little  Wheel  which  rifes  perpendicular, and  the  point  B  which  it 
moves  about  from  the  center  C:  For  if  the  center  of  the  little 
Wheel  B  is  tranfpofed  in  H,  following  the  line  B  H  parallel 
to  AG  and  perpendicular  to  A  C,  through  the  Curve  E  N  N 
tranfported  inLnn  about  from  the  centre  C,  it  is  evident  thaft  the 
point  H,  will  be  found  on  the  Epicycloid  B  V  V,  removed  in  K  H„ 
with  the  Curve  E  N  N  removed  in  Lnn:  For  the  fhortefl 
didance  from  the  point  H  to  the  Curve  L  n  will  be  equal 
to  the  Radius  of  the  little  Wheel  E  F:  But  by  the  Formation 
of  the  Epicycloid  B  V  or  K  H,  the  arch  B  K  of  its  Bafe,  will 
be  equal  to  the  arch  of  its  generating  circle,  which  is  here 
the  right  line  B  H,  which  reprefenrs  alfo  the  way  from  the 
center  B  of  the  little  Wheel,  while  the  fame  point  B  defcribes 
the  arch  B  K  :  But  the  ways  B  K  and  B  H  being  equal,  and 
the  Powers  equal  applied  in  B,  of  which  the  one  adts  to  the 
end  B  of  the  Leaver  C  B,  and  the  other  to  the  end  B  of  the  in- 
finite  Leaver  BA,  or  determin’d  to  what  difiance  youpleafe 
in  A,  for  the  length  of  the  Leavers  ought  not  to  be  confider’d 
when  the  Powers  are  diredtiy  oppofite  the  one  to  the  other, 
it  will  follow  that  you  will  have  on  every  fide  an  Equilibrium 
between  the  two  equal  Powers. 

We  do  not  confider  here  the  rubing  or  wearing  of  the 
handle  of  the  Peftle  throughout  the  hollowing  of  the  wood  it 
runs  in,  for  to  make  it  raile  perpendicular,  for  wefuppofe  that 
the  Bodies  are  exceeding  fmooth,  and  that  the  rubing  or  wear¬ 
ing  hinder  not  in  any  manner  the  motion. 


The  Second  kind \  Fig.  202. 

In  the  Second  manner  itmufibe  that  the  arm  of  the  PefUe 
is  of  a  curve  figure,  and  that  the  little  Wheel  is  applied  to  the 
end  of  the  arm  of  the  Tree,  or  Axis  of  the  Wheel. 

The  figure  of  this  arm,  or  wing,  is  not  determined  :  Since 
there  is  no  regard,  but  to  the  length  from  the  axis  of  the  free, 
even  to  the  centre  of  the  little  Wheel,  which  works  on  the 
arm  of  the  Bar,  or  Peftle  •  it  behoves  only  to  take  heed  that 
the  Figure  as  C  KD,  which  we  give  to  this  arm,  or  wing, 
hinder  not  the  motion  of  the  arm  of  the.  Pc  file. 
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Let  then,  as  before,  the  handle  of  the  Peftle  be  A  G,  and  the 
center  of  the  Axis  C,  having  drawn  the  Perpendicular  C  A  on 
A  G,  markon  A  C  the  Radius  A  B  of  the  little  Wheel,  and  by 
the  point  B  draw  the  line  B  E  parallel  to  A  G,  which  will  be 
the  Bafe  of  the  Cycloid  B  V  V,  whofe  generating  circle  will 
have  the  length  CB  for  its  Radius:  If  from  all  the  points  V 
of  this  Cycloid,  we  defcribe  the  circles  N  equal  to  thofe  of 
the  little  wheel,  the  Curve  line  N  N  which  touches  all 
thefe  circles  will  be  the  Figure  of  the  crooked  arm  which  wej 
ought  to  apply  to  the  handle  of  the  Peftle. 

Tis  evident  by  the  generation  of  the  cycloid*  that  if  we 
move  the  cycloid  B  V  on  its  bale  B  E,  in  what  place  foever 
’tis  placed,  as  in  E  D  n,  the  end  B  of  the  Radius  C  B  being  re¬ 
moved  by  the  cycloid  in  D,  the  arch  B  D  will  be  equal  in, 
length  to  the  right  line  B  E  of  the  bafe  3  but  if  in  Head  of  the 
cycloid  we  ufe  the.  curve  N  N,  we  fee  clearly,  as  in  the  pre¬ 
cedent  proportions,  that  this  curve  will  make  the  fame  way 
to  the  point  B,  from  the  end  of  the  Radius  C  B,  in  rencoun- 
tring  the  little  wheel  A  F,  whofe  center  is  in  B  3  for  the  curve 
nn  which  rencounters  the  little  wheel,  cannot  advance  its 
center,  or  make  it  move  forward,  but  from  the  diftance  of 
that  center  to  the  cycloid,  which  is  that  from  the  Radius  of 
the  little  wheel:  But  as  thefe  motions  or  movements,  are  every¬ 
where  equal,  there  will  be  an  Equilibrium  between  the  two 
equal  powers  applied,  as  in  the  precedent  example,  which  does 
not  require  any  long  explication  after  that  which:  I  have  Did 
of  other  Engins.. 

There  is  only  in  this  cafe  one  difficulty  for  the  Conftrudtion 
of  this  Engin ;  for  as  it  is,  that  the  little  wheel  lays  hold  on 
the  arm  of  the  Peftle  below,  if  the  arm  of  the  Axis,  or  Axle- 
tree,  which  carries  the  lirtle  wheel,  be  right  or  (height,  it  ren¬ 
counters  the  curve  before  that  the  little  wheel  touches  it  5  we 
hi  11  ft  then  bend  or  make  crooked  the  arm  a  little,  as  the  line 
HKD  Chews ;  to.  the  end  that  the  little  wheel  begin  to  ren¬ 
counter  the  curve  F  N  N,  when  its  center  B  is  in  the  line  C 
A:  But  as  it  is  difficult  to  make  thefe  forts  of  curves  H  K  D, 
unlefs  it  be  of  Iron,  we  may  alfo  make  to  ferve  an  arm  every 
way  right  or  (Freight  which  fhall  bear  or  carry  the  center  D  of 
die  little  wheel,  but  then  the  arm  mud  be  double,  and  the 
iktie  wheel  muft  be  applied  between  two  to  the  end,  for  the 

crooked, 


Book  X.  Mechanic f  Powers.  3  o  r 

crooked  arm  of  the  peftle  F  N  N  will  pafs  between  t’nefe  two 
ftreight  pieces  which  bear  the  little  wheel. 

We  mud  obferve  here,  as  in  all  the  other  Engins,  that  the 
little  wheel  be  fmall ,  for  when  the  crooked  arm  which  it  ren¬ 
counter  or  meets,  ceafes  to  work  by  a  peipendiculai  line  diaw  n 
from  the  center  of  the  little  wheel  to  the  curve,  it  ought  tp 
ceafe  in  the  Rencounter,  or  difcontinue  to  meet  it,  which  is 
not  pollible,  becaufe  it  ferves  but  one  pait  of  the  Curve.  It 
happens  then  that  the  extream  of  the  atm  w 01  its  ftih  by  its 
point  on  the  little  wheel,  in  making  it  turn  on  its  center  until 
it  be  entirely  got  away,  and  in  the  motion,  the  Equilibrium  be¬ 
tween  the  powers  is  not  found  any  mote,  which  is  a  dcfcdf  in 
the  Engin,  which  we  mult  avoid  and  leflen  by  making  the  lit¬ 
tle  wheel  of  a  fmall  Diameter. 

P  R  0  P  0  S.  XL 

Of  the  Length  and  Difpofttion  of  the  Teeth  of  Wheels. 

Fi<r.  ic-vT  Have  already  demonftrated,  that  it  is  not  neceflary 
i  that  the  teeth  be  equally  diftributed  on  the  wheel, 
when  they  are  of  a  regular  figure  to  make  them  adt  equally 
one  with  tother ;  for  if  we  have  but  one,  if  will  be  as  if  we 
had  more  which  work,  the  pow'ers  applied  to  theie  wheels 
adt  always  in  the  fame  reafon  or  proportion,  the  one  with  re- 
Ipedl  to  the  other.  But  we  mull  take  heed  that  when  one 
tooth  as  O  N  L,  which  is  cut  as  L,  ceafes  to  work  on  the  other 
Tooth  P  Z,  that  is  to  fay,  when  the  Touchant  in  L  of  the  curve 
O  N  L,  is  alfo  Touchant  in  the  fame  point  L  of  the  curve  PZ  ol 
the  other  tooth,  there  muft  be  two  othei  alieady  of  t n -  two 
wheels  which  work  together  j.  for  otherwife  the  extream  L  of 
the  tooth  N  L  rencountring  ftill  only  by  the  point  L,the  curve 
P  Z  will  nor  be  moved  as  before,  and  the  motions  of  the 
two  wheels  will  not  be  equal  between  themfelves.  It  is  not 
Doflible  in  this  cafe  to  rectify  the  motion  In  ieeking  the  figme 
which  rightly  ?  grees  with  the  Teeth  of  the  wheel  A,  to  make 
the  point  L  worK  equally  on  the  1  ooth  PZ j  lor  the  point  L 
rencounters  the  Tooth  P  Z,  in  the  fame  points  where  it  alrea¬ 
dy  is  rencountred  by  the  curve  N  L.  But  when  another  tooth* 
begins  to  wrork,or  hath  workr  already, when  the  pout  L  cea  es 
to  work  regularly  on  the  Tooth  P  Z,  the  point  L  ceafes  alio 
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to  rencounter  the  tooth  P  Z;  but  becaufe  the  wheel  to  which 
tis  faflned  is  moved  always  with  an  equal  motion  by  the  ren¬ 
counter,  or  meeting  of  the  other  teeth  of  the  wheel  C,  which 
makes  it  go  further  than  she  point  L  alone  fhould  do,  for  this 
wheel  A  w  ill  have  always  the  fame  way,  as  if  the  Tooth  PZ 
iiiould  be  rencountred,  or  met,  by  the  curve  ONL  prolong¬ 
ed,  or  length ined  5  then  the  point  L  will  remove  alide  from 
the  tooth  P  Z,  and  they  will  work  together  only  fo  much  as 

they  can  do  it  regularly,  which  is  a  great  advantage  to  an 
Engin. 

We  ought  alfo  to  take  heed  that  the  Teeth  of  one  wheel  ren¬ 
counter  not  thole  of  the  other  wheel  above  the  points,  where 
they  ought  to  begin  to  work,  that  is  to  fay,  towards  G,  above 
ine  line  A  C, which  joins  the  centers  of  the  wheels  for  the  rea- 
ion  of  rubing  or  wearing,  as  I  have  already  taken  notice  of 
before, for  the  rubings  which  are  made  of  bodies,  which  go  one 
on  another  are  always  very  great,  and  on  the  contrary  thofe 
tnat  are  made  by  flipping,  are  very  inconfiderable,  wherefore 
we  ought  to  difpofe  the  Teeth  in  fuch  manner,  that  they 
trouble  not,  nor  hinder  one  another  before  they  begin  to  work 
and  that  there  be  a  convenient  length  and  depth  given  them? 

for  power  to  difehgage  themfelves  eaflly  the  one  from  the 
other. 

may  yet  note,  as  I  have  done,  that  the  part  of  the  tooth 
which  works  not,  may  have  what  figure  you  pleafe,  and  that 
we  ought  only  to  feck  thole  which  gives  it  mod  conflancy  or 
itedraltnels,  and  which  may  ierve  for  difingagement.  Never- 
thelefs  it  is  left  to  be  done  as  workmen  ule  in  their  common 
ciiicovenes  of  giving  to  teeth  the  fame  figure  of  both  fides,  as 
well  to  inure  to  make  thefe  teeth  all  equal,  as  to  Ierve  alfo  to 
die  motion  of  the  Wheels,  when  we  would  make  them  turn 
in  a  fence  contrary  to  that  which  is  necllary  for  the  ufe  of  the 
Engin  3  which  vi  e  arc  oblieged  to,  oft-times  in  the  building 
and  taking  of  them  too  pieces.  0 
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To  wake  an  Engin  which  ferves  to  move  fever al  Sawes  for 
the  f awing  of  Stones .  Fig.  204.  . 

AB,  is  a  Frame,  or  Shas,  in  manner  of  a  fquare  figure,  which 
may  move  eafily  from  C  towards  B,  and  from  B  to¬ 
wards  C,  being  kept  within  a  kind  of  hollow  glitter  of  wood, 
in  wrhich  it  moves  on  little  wheels  which  are  faftned  to  a  piece 
beneath  :  In  this  Frame  you  have  two  pieces  of  wood  joined 
at  right  angles  In  G  and  in  F,  with  the  pieces  of  the  Frame  A  . 
M,  C  B,  and  which  are  detained  by  two  bonds  or  braces  from 
the  fides  of  the  Frame,  there  molt  be  alfo  in  the  two  other- 
angles  of  the  frame  two  bonds  or  braces  in  D  and  in  E,  which 
ferve  to  ftrengthen  it. 

In  the  middle  of  this  Frame  there  mult  be  a  Triangle  of 
wood  H  I  K,  which  is  fuftained  in  the  middle  on  a  large  piece 
of  Timber,  or  Axle-tree  L,  on  which  it  is  well  flayed,  and 
when  this  large  piece  of  Timber,  or  Axle-tree,  turnes,  the 
angles  of  the  Triangle,  which  are  furnifht  with  fmall  little 
wheels  in  IKH,  come  to  rencounter  the  pieces  of  wood  G  F 
one  after  another,  making  the  frame  A  B  to  move  from  one 
fide  to  the  other  in  the  hollow  gutter,  by  forcing  it  in  G,  and  1 
afterwards  in  F. 

Towards  the  ends  of  the  pieces  of  wood  A  M,  C  B,  there 
muft  be  tw7o  rods  of  Iron,  as  M  B,  which  mud  be  well  faft¬ 
ned,  which  muff  bear  two  hands  of  iron  N  O,  which  may  run  * 
along  rhefe  rods  of  Iron,  where  they  are  engaged  at  one  end, 
and  on  the  other,  they  are  well  faftned  to  one  of  the  arms  of 
the  faw  P.  Whence  it  appears,  that  when  the  Frame  is  mo¬ 
ved,  it  makes  the  faws  P  to  move  which  are  on  the  two  fides 
of  the  frame  3  and  according  as  the  faw  works,  the  hands , 
defcend  by  running  a  Jong  the  rod  M  B. 

According  to  the  force  of  the  power  which  turns  the  axle™ 
tree  L,  we  may  apply  many  Triangles,  as  H  I  K,  which  will  I 
make  to  move  fo  many  Frames,  as  A  B,  which  makes  to  go, 
twice  as  many  Saws., 

The  little  wheels  which  are  applied  to  the  angles  of  the 
Triangle,  and  which  facilitate  the  motion  of  the  frame,  are 
of  great  qfe,  becaufe  they  take  away  the  rwbitfg.  which  would 

be  - 
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be  made  again  ft  the  pieces  G  F,  if  there  were  none  but  the 
angles  of  the  Triangle  which  hit  againft  them.  But  although 
theie  little  wheels  are  applied  to  the  angles,  the  motion  is  ne- 
verthelefs  unequal ;  and  for  to  make  it  equal,  it  behoveth  that 
the  faces  of  the  pieces  G  F  which  are  rencountred,  or  hit  a- 
gainft  by  the  little  Wheels,  muft  be  formed  in  a  crooked  line, 
which  is  demonftrated  and  explain'd  all  along ’before  in  the 
Treatife  of  Epicycloids. 

Fig .  105.  How  to  make  the  bending  of  the  face  of  the 
pieces  G  F ;  from  the  centre  L,  and  with  the  radius  L  I,  equal 
to  the  diftance  which  is  between  the  axis  of  the  tree  L  of 
the  Engin,  and  the  centre  of  the  little  wheel,  having  defcri- 
bed  the  circle  I  F,  draw  a  part  of  the  Cycloid  I  S  on  the  right 
line  1  Q^,  which  touches  the  circle  in  I,  and  which  will  be 
the  bale  of  the  Cycloid,  the  circle  I  F  being  the  generator, 
and  the  beginning  of  the  Cycloid  being  in  I  j  -then  on  all 
the  points  of  the  Cycloid,  as  a  centre,  defcribe  the  circles  R 
which  muft  be  equal  to  the  little  wheel,  and  you  may  draw 
the  line  R  R,  which  will  touch  ail  the  circles  towards  the  con¬ 
vexity  of  the  Cycloid.  The  line  R  R  will  be  the  bending  of 
the  face  of  the  pieces  G  F :  We  may  prolong  the  line  R  R 
towards  V,  adding  to  it  a  part  of  the  right  line,  even  to  the 
place  where  it  is  faftned  in  the  piece  A  M  of  the  frame :  You 
muft  obferve,  that  the  little  w^heel  in  working  ought  to  ap¬ 
ply  it  feif  in  the  curve  or  bending  R  R,  in  the  fame  manner 
that  the  circles  R  R  are  placed,  that  is  to  fay,  that  the  pieces 
G  F  ought  to  be  a  little  mo tc  bending  towards  the  middle  of 
the  Frame. 

P  R  0  P  0  S.  XIII. 

To  change  the  direction  of  Motions ,  or  Movements 9  hy  the 
means  of  toothed  Wheels.  Fig.  200. 

LEt  the  wheel  be  A  B  which  turns  on  a  vertical  Tampiii  Q 
whofe  teeth  are  placed  perpendicularly  on  the  plane  of 
the  WheyJ. 

If  wre  would  move  this  Wheel  A  B  Horizontally,  by  means 
of  the  arm  D  E,  and  that  its  teeth  rencounter,  and  enter  in  the 
Spindles  of  the  Lantern  G  F,  which  moves  on  its  Horizontal 
/  Tampin 

- 


Mechani  empowers* 


Tampin  M  N,  it  is  evident  that  the  Horizontal  movement  of 
the  Power  applied  to  the  arm  D  E  will  be  changed  into  a  ver¬ 
tical  movement  or  motion  about  the  Tampin,  or  the  Axle-tree 
M  N,  of  the  Lantern. 

Alfo  by  means  of  an  Horizontal  motion  we  may  raile  the 
weight  P,"  whofe  Chord  is  wound  about  the  Roll  O, which  hath 
its  axle-tree  common  with  that  of  the  Lantern  F  G.  T 

But  if  inllead  of  the  Lantern  F  G,  whofe  fpindles  are  pa¬ 
rallel  to  its  axle-tree,  we  would  make  another,  as  H  I,  whofe 
Spindles  are  inclined  to  the  axle-tree  K  L,  in  what  angle  we 
pleafe ;  it  is  evident,  that  the  horizontal  motion  ot  the  power 
applied  to  the  arm  of  the  wheel,  will  be  changed  into  a  mo¬ 
tion  inclined  to  it,  in  what  angle  one  will  about  the  axle-tree 

K  L. 

Only  note,  that  the  Spindles  of  the  Lantern  H  I,  which 
rencounter  the  teeth  of  the  wheel  A  B,  mult  find  thcmleives 
places  horizontally  in  the  rencounter, to  the  end,  that  they  may 
be  applied  in  the  fame  manner,  as  it  this  Lantern  were  like  to 

the  other  G  F. 
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The  defer  ipt  ion  of  a  Wind-mill, together  with  the  Computati¬ 
on  of  the  force  of  the  Wind  on  its  fails. 

'Hey  are  commonly  of  two  forts,  but  they  differ  not  but 
A  in  this,  that  in  the  one  the  whole  body  of  the  mill  turns 
on  a  Tampin,  to  expole  the  fails  to  the  wind ;  in  the  othei, 
body  Is  of  ftone,  and  none  but  the  upper  part  turns  to  expofe 
the  fails  to  the  wind.  In  thefe  the  'Lantern  and  the  Hones 
eught  to  be  placed  in  the  middle  of  the  Tower,  that  the  teeth 
of  The  Wheel  in  all  their  different  Pofitions  may  rencounter 
always  equally  the  Spindles  of  the  Lantern. 

iV  B  is  the  great  Axle-tree,  at  whofe  end  the  Sails,  ate  ialined, 
and  which  ferves  for  an  axle-tree  to  the  -Vv heel  C  D.  the 
teeth  of  the  Wheel  C  D  enter  Into  the  Spindles  of  the  Lantern 
E  F,  whofe  Axle-tree  G  H  N  is  vertical,  and  which  being 
flayed  by  the  upper  done  1  K,  makes  it  turn  on,  that  beneath 

L  M,  which  is  immovable.  ,  .  ... 

So  that  the  vertical  motion  of  the  Sails,  and  ot  the  Wheel  -is 

converted  into  the  Horizontal  motion  of  the  Hones. 

Rr  -  1  '  *Thfc 


A  «■ 


Boole  X. 

The  Wheel  hath  commonly  48  Tee^li,  and  the  Lantern  10 
Spindles,  ifo  that  caph  turning  round  of  the  Wheel,  or  of  the 
fails,  caufes  near  5  turnings  round  of  the  Hones  to  be  made  *y 
whence  you  may  obferve,  that  perhaps  the  Hones  make  not 
the  whole,  or  more  than  one  turning  round,  in  one  Second  of 
time,  and  by  confequence  the  fails  will  alfo  make  one  turn-' 
ing.  about, in  %  feconds:  Theiefore  if  the  wind  be  to  violent, 
we  abate  one  part  of  the  fails  to  reduce  them  from  this  fwift- 


It  is  not  likely  that  the  ordinary  manner  of  tiring  the  force; 
of  wind,  to  turn  the  Hones  of  mills  is  the  mo  ft  advantageous 
that  i 9  poilibk  to  be  found,  which  is  that  which  hath  oblieged 
many  active  workmen  to  feck  after,  other  forts  of  Mills*  to 
the  windy  and  above  ail  the  Horizontal,  to  the  end  that  the 
fails  maybe  expofed  diredtly  to  the  wind,  and  profit  by  allies 
force  j  but  all  thefe  forts  of  inventions  have  not  profpered. 
We  may  perhaps  believe  that  the  Wind-mills,  fuch  as  we  have 
feen  were  not  made  an  firft  fight  in  the  perfedfion  that  they 
are  at  prefent,  but  that  the  continual  rife  which  is  made  of 
them,  hath  made  many  defaults  to  be  feeny  which  one  amends 
afterwards. . 

Behold  the  Computation  of  the  force  of  wind  again#  the 
fails  of  a  mill,  according,  to  the  inquiry  which  was  made  by 
Mr.  Mar iot ,  in  his  book  of  the  Motion  of  Waters . 

Fig.  zoS.  A  B  reprefents  in  this  Figure  the  Axis  or  Axle- 
tree  of  a  ruined  Cylinder,  and  the  Rule  G  H  a  crofs  at  right 
angles :  And  I  L  is  a  pother  rule,  placed  perpendicularly  On  the 
firft  ,G  H,  and  flayed  alfo  in  the  Cylinder.  M  N  O  P  is  a  final'll 
drinkable,  even  as  the  precedent  Rules,  which  is  like  wife  placed 
perpendicularly  on  the  Axis  A  B,  and  Bias  fo,  that  it  makes 
with  it  an  angle  of  45  degrees, ;  and  with  refpedt  to  the  Rule 

©■•  H,  ■ 

If  we  (up pole  now  that  one  Gaft  of  water  heat  direSly 
again  ft .  the  Rule- 1 L,  towards  the  point  and  that  it  tufes> 
ifie  Cylinder  according  to  the  order  of  the  letters  db  c  f 
but  that  the  weight  R  placed  towards  the  end  H,  of  the  Rule 
GH,  makes  an  Equilibrium  with  the  force  of  the  caft  of 
water  Ch  that  is  to  fay,  that  it  hinders  the  Cylinder  from 
turning  }  It.  is  certain,  that  if  the  fame  caft  of  w  ater  beat 
.again it  the  Table  M  0,  alfo  in  the  point-  S,  which  being  alio 
Ui ar  removed  from  the  Axis  of  the  Cylinder,  as  the  point 

and 
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and  that  the  direction  of  this  Caft  be  perpendicular  to  the 
Tabie,  it  cannot  fuppdrt  the  weight  R,  becaufe  that  its  diredtiqn 
will  not  be  according  to  the  motion  of  the  Rule  I  L,  which 
is  in  a  plane  perpendicular  to  the  Axis  A  B;  but  it  cannot  as 
that  time  fupport  that  weight  which  (hall  be  to  the  weight  R, 
as  the  fide  of  a  Square  to  its  Diagonal. 

And  if  the  fame  Caft  is  parallel  to  the  Axis  A  B,  and  that  it 
hit  againft  the  Table  M  O  in  the  fame  point  S,  it  muft  ftill 
diminifh  in  its  attempt  in  the  fame  Proportion  of  the  fide  to 
the  diagonal  of  a  fquare,  becaufe  that  this  Caft  falls  obliquely 
againft'the  Table  under  an  angle  of  4?  degrees. 

'  It  is  then  evident,  that  this  double  reafon  of  diminution 
ought  to  reduce  the  weight  R  to  its  moyety,  or  half  part. 

Now  the  wind  which  beats  againft  the;  fails  of  a  Win  dm  If 
beats,  or  blows,  obliquely,  and  if  it  rencounters  each  fail  under 
an  angle  of  45  degrees,  it  follows  then  from  what  hath  been 
faid,  that  it  will  not  have  but  a  moyety  of  the  force  which  it 
would  have,  h  it  rencountred  diredtiy,  and  if  the  fail,  be  plar 
ced  on  the  Axle-tree,  as  the  Rule  I  L  on  the  Axis  A  B.  If  we 
fuppofe  then  that  the  whole  force  of  the  wind  be  as  80,  it  will 
be  redcuced  to  40  for  thefe  two  caufes.  —  .  ;  ; 

But  there  is  yet  one  caufe  of  Diminution  of  the  force  which 
comes  from  the  fame  obliquity,  fordt  will  have  a  lefs  breadth 
of  wind  which  rencounters  the  furface  of  the  fail,  than  if  it  had 
been  diredtiy  oppofite,  and  this  diminution  will  be  ftill  in  the 
fame  reafon,  or  proportion,  of  the  fide  of  a  Square  to  its  dia¬ 
gonal,  which  will  in  the  end  reduce  the  whole  forego f  the 
wind  meafured  by  80,  to  28 

But  if  the  obliquity  of  the  fail 'is  lefs  than  45  degrees,  that 
is  to  fay,  if  it  is  more  expofed  to  the  wind,  whereof  we  flip- 
pofe  the  dirediion  parallel  to  the  axis  A  B,  and  that  the  angle 
be  of  60  degrees  on  one  .fide,  and  30  on  the  oppofite,  then  the 
firft  caufe  of  diminution  reduces  the  force  from  80  to  the 
moyety4o,  but  the  two  others  unlike,  for  they  reduce  not  but 
from  40  to  3  r  very  nigh  3  which  gives  us  to  ufcderftand,  that 
it  is  better  that  the  fails  of  windmils  have  this  obliquity  than 

that  of  45:  degrees.  7  r  r 

By  thefe  fuppofitions  of  Mr.  Marias ,  if  the  fwiftnefs  of  an 
indifferent  wind  is  of  24  feet  through  each  fecond  of  time,  as 
one  may  know  by  experience  3  one  wing  or  fail  diredtiy  oppo- 
fire  to  the  wind,  and  which  hath  144  feet  in  its  iuperficks 
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willfuftarn  a  weight  of  no  pounds,  if  the  diftance  from  the 
fupport,  or  the  centre  of  motion;  as  the  Axis  A  B  in  the  pre¬ 
cedent  Cylinder,  even  to  the  place  as  R,  where  the  weight 
is  placed,  is  of  12  feet  from  the  fame,  as  the  diftance  from  the 
^centre  of  the  fail. 

But  if  the  fail  have  only  6  feet  in  breadth,  and  24  feet  in 
length,  it  will  have  the  fame  fuperfieies  of  144,  feet,  and  its- 
■  Centre  will  be  alfo  12  feet  from  the  Axis;  wherefore  it  will 
fuftai  p  as  yet  the  210  pounds,  having  11  feet  of  diftance  from 
the  Axis:  But  if  the  diftance  from  the  axis  to  the  Centre  of 
the  fail  is  of  15  feet,  it  will  Main  161.  pounds  and  ~. 

But  through  thefe  three  caufes  of  diminution  they  fuppofe 
the  angle  of  the  fails  of  60  degrees,  with  the  Tree,, or  Axis, 
Where  they  are  faftned,  the  force  of  the  wind  reduces  it  ( elf 
to  fuftains  101  pounds  and  ^  having  15  feet  of  diftance  from 
the  Axis*:  And  becaufe  there  are  four  fai is,  the  force  of  the 
windwrll  Main  407  pounds  at  the  diftance  of  1-5,  feet  from  the 
Axis  of  the  fails. 

But  the  femidiameter  of  the  wheel  being  fuppofed  of  four 
feet*  if  we  make  it  as  4  to  1 fo  407  to  1526,  this  will  be 
the  number  of  the  pounds  which  meafures*  the  force  of  the 
wind  againft  the  Spindles  of  the  Lantern,  in  the  fuppofttion 
that  it  makes  24  feet  in  one  feeond  ;  there  is  no  regard  of  the 
cubing,  or  wearing,  in  all  thefe  Calculations*; 

In  the  horizontal  Mills  you  cannot  have  about  but  one  fail, 
^againft  which  the  Wind  afts  direftly,  and  it  muft  be  made  of 
ah  extraordinary  gi e itnefs,  for  to  caufe  the  fame  eftedt  as  the 
4  vertical  fails  of  ordinary  Mills,  as  \k  eafy  to  compute  b y/ 
die  precedent.  Suppofitiohs. 
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§f  Wheels,  :  ami  of  Lanterns with  their  Elbows,  ar  crooked: 
Axes, if  or  the-  moving  the  Suckers  of  Pumps*. 

IF  the  power  turns  the  wheel  vertically,  we  muft  only  bend 
the  ends  of  its  Axis,  as  you  fee  here  in  the  figure  G  R 
But  if  the  motion  of  the  power  be  horizontaly  as- if  it  be'ap* 
plied  to  the  arm..  CD  of  am  horizon  tab  wheel  A  you  muft 
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the  teeth  of  wheel,  and  that  their  crooked  axes  may  work  the 

effe&  that  we  defire.  _  ........ 

In  each  crook  of  the  Axis  you  may  put  a  kind  or  little  rr  g 

I’  which  is  faftned  to- the  end  of  the  Iron  of  the  flicker  K,  io  diac 
in  the  motion  of  the  Lantern,  the  crooks  of  the  Axes  >  aife  them 
and  N  them  fall  alternatively, or  by  turns  one  after  another, thefe 
rai{%  and  deprefs  the  Peftles,  or  Irons,  to  which  the  Suckers 
are  faftned1  in  the  body  of  the  pump,  this  alfo  makes  it  give  one 
ftroke  of  the  Iron  to  each  turn  of  the  Lanterns. 

We  may  make  the  diameter  of  thefe  Lanterns  a  firth  part 
very  nigh  of  that  of  the  great  wheel,  to  the  end,  that  for  each 
going  round  of  the  great  wheel,  the  Lanterns  may  make  five.. 
But  however  commodious  this  Proportion  is,  we  will  not 
make  a  Rule,  becaufe  it  mull  have  regard  to  the  Iwiftnels  of 
the  power  which  may  be  too  great  for  this  propoition,  ana. 
which  will  move  the  Rods,  or  Peftles,  too  nimbly. 

P  RO  P  0  S.  XV.. 

In  toothed  Wheels  the  ntiwler  of  "Teeth  muft  not  contain  ex- 
aBly  jo  many  times  the  Teeth  of  the  Pinions,  or  Spin¬ 
dles  of  the- Lanterns  to  which  they  are  applied. 

THis  Rule  concerns  only  the  execution,  and  we  ought  to- 
have  regard  to  make  it  fo,  that  the  teeth  of  the  wheels 
do  not  always  rencounter  the  fame  teeth  of  the  Phnom,  for 
when  they  rencounter,  or  meet  different  ones,  tney  gi  >w 
Derfeft  in  rubing  and  in  ufing  themfelves  one  againft  the  o~ 
ther  and  by  degrees  they  make  very  nigh  the  figure  which 
behoves  them,  for  to  a&  equally  in  their  different  rencountes*, 
and  in  the  different  lengths  from  their  Axes,  which  is  explain¬ 
ed  in  the  Treatife  of  Epicycloids  before. 

It  behoves  to  practice  this  Rule  exa&ly,  that  the  number 
of  the  teeth  of  the  Wheels,  and  of  the  Pinions,  muft  be- 
Primes  between  themfelves,  that  is- to  fay,  that  they  do  not 
admit  of  any  other  common  meaiure  than  Unity,  and  10  the 
fame  tooth  of  the  little  Wheel,  or  Pinion  rencounters  not 
the  feme  tooth  of  the  great  Wheel,  but  after  chat  the  little 
one  hath  made  fo  many  revolutions),  or  tuins^  as  there  aie 

ceeth  in  the  great  wheel* 
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But  becaufe'  there  is  but  little  difficulty  to  make  one  divi- 
fion  of  two  prime  numbers,  we  may  make  the  number  of 
teeth  of  the  great  Wheel  ;  for  example,  of  48  or  So,  and 
thole  of  the  Pinions  of  6  or  8,  and  in  the  Mills,  the  great 
Wheel  of  48  teeth,  and  the  Lantern  of  10  Spindles,  to  the 
end  that  the  fame  teeth  may  meet  as  few  times  as  is  poihblep 
for  if  the  Wheel  have  60,  and  the  Pinion  6 ,  the  leaf!  num¬ 
bers  which  keep  the  fame  proportion  will  be  10  and  r, 
wherefore  the  fame  teeth  of  the  Pinion  of  6,  rencounter  not 
them  of  the  Wheel  but  after  10  _  revolutions  3  and  if  the 
great  Wheel  have  60,  and  the  Pinion  8,  the  teetti  of  the 
Pinion  rencounter  not  the  fame  teeth  of  the  Wheel,  till  after 
1  -  revolutions,  becaufe  that  15  and  2  are  the  prime  Num- 
-  bers  between  themfelves,  which  exprefs  the  relation  of  60 
and  8  :  Laftly,  if  the  Wheel  have  48  teeth,  and  the  Pinion 
or  the  Lantern  10,  the  teeth  of  the  Lantern  rencounter  not 
the  fame  teeth  of  the  Wheel  but  after  24  revolutions,  for 
the  numbers  24  and  j ,  -  are  the  two  prime  numbers  which 
exprefs  the  relation  between  48  and  10,  and  ’tis  this  which 
makes  us  fee  that  we  cannot  find  a  number  of  teeth  which 
Is  more  proper  for  the  Wheel,  and  for  the  Lantern  of  Mill*, 
for  the  divilion  into  48  parts  is  eafy,  and  may  be  done  very 
exactly,  and  that  of  10  is  commodious,  and  may  be  re¬ 
duced  to  >. 

PRO  P  0  S.  XVI. 

Of  oblicjue  and  interrupted  Movements,  or  Motions. 

p;<r.  tf  the  chord  D  of  the  weight  P,  be  wound  about  on 
210.I  the  roller  of  the  beam  G,  and  that  the  chord  F 
which  ought  to  draw  the  little  wheel  it,  by  means  of  the 
pulley  L,  on  which  paifes  the  chord  F,  for  to  go  to  fallen 
it  to  the  top  of  the  little  wheel  E,  palling  alfo  on  another 
pulley  I,  which  is  faftned  to  the  top  of  the  little  wheel  E, 
and  which  is  flayed  at  laft  in  M  towards  the  pulley  L  j  tis 
evident,  that  when  the  roller  turns  round  for  to  draw  the 
chord  F,  it  windes  at  the  lame  time  the  chord  D,  which  is 
twilled  on  the  roll  G,  in  a  contrary  fence  of  the  chord  F 
But  if  the  chord  Fis  twilled  on  the  roll  G  of  6  feet  long,  the 

weight 
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weight  P  defcends  at  the  fame  time  from  6  feet  high,  and  will 
alfo  at  the  fame  time  be  raifed  by  the  motion  of  the  little 
wheel  throughout  the  hollow  it  runs  in. 

But  the  Chord  F  -having  been  drawn  the  length  of  6  feet, it 
will  not  make  the  little  wheel  to  advance  but  3.  feet  y  for  as  it 
paffes  through  upon  the  pully  I,  and  is  flayed  in  M,  it  doth 
not  advance  the  pully  I,  and  the  little  wheel  E,  which  are  fan¬ 
ned  together,  but  the  half  of  its  movement,  or  motion. 

Wherefore  when  the  chord  F  is  twilled  on  the  Roll  G  of  6 
feet  long,  and  that  the  chord  D  is  alfo  twilled  or  wound  a~ 
bout  of  6  Feet  in  length,  the  little  wheel  E  will  not  have  made 
but  3  feet  of  its  way  5  and  by  confequence  the  weight  P  will 
not  be  raifed  up  again,  but  3  feet  by  the  motion  of  the  little 
wheel  E ;  it  appears  then  to  be  defcended  3  feet,  which  is  fo 
much  as  the  little  wheel  hath  made  of  way  on  the  hollow 
groove,  wherefore  k  defcends  by  this  means  by  half  a  right 
angle,  or  it  defcends  fo  much  as  it  advances. 

Laftly,if  the  chord  D  which  is  faflned  to  the  round  beam, is 
all  wound  up,  and  that  it  begins  to  wind  it  felf  about  in  the 
fame  fence  as  the  chord  F,  then  the  weight  P  rifes  again  3  but 
it  rifes  three  times  as  much  as  it  advances  towards  L:  For  if 
the  chords  D  and  F  are  wound  about  of  6  feet  on  the  Roll  of 
the  round  beam,  the  weight  ought  alfo  to  be  raifed  to  the 
height  of  6  feet  by  means  of  the  chord  D,  and  it  ought  alfo  to 
be  raifed  3,  feet  by  means  of  the  little  wheel  E  which  draw's 
it,  and  which  paffes  over  3  feet,  while  that  its  chord  is  drawn 
6  feet ;  then  the  weight  will  be  raifed  9  feet  while  that  it  runs 
over  only  3  feet  in  length,  which  is  the  motion  of  the  little 
wheel  E. 

But  whemthechord  D is  wholly  wound  of  the  round  beam,  or 
eyclinder,  and  that  the  weight  begins  to  rife,  if  you  make 
a  flop  to  the  chord  P,as  in  R,  in  place  which  ir  paffes  at  that 
time  over  the  pulley  I,  fothat  the  cord  cannot  any  more  turn 
on  the  pulley, the  fame  thing  will  happen  as  if  It  were  f  alined 
at  the  tap  or  the  little  wheel  E,  and  the  weight  will  be  raifed 
6  feet,  by  the  motion  of  its  chord  D,and  6  feet  by  the  motion 
of  the  little  wheel  E,it  will  then  have  run  over  6  feet  in  length 
hanging,  while  it  is  raifed  11  feet. 

Now  if  the  parts  of  the  Roll  of  the  round  beam'  on  which 
die  cords  D  and  F  are  wound1,  are  of  different  diameters,  it: 
will  make  the  movements  or  motions,  different,  and.  in  different 

pro- 
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proportions  of  thofe  which  I  come  to  explain;  but  it  will  be 
eafv  to  determine  them,  the  Diameters  being  given,  or  elfe, 
the  motions  being  propofed,  it  will  be  eafy  to  find  the  Diame¬ 
ters  of  the  Roll  which  will  ferve  them. 

We  may  alfo  by  the  fame  means  make  it  fo,  that  one  part  of 
the  way  of  the  weight  fhall  be  Horizontal,  and  the  other  part 
rife  or  defcend  perpendicularly,  or  obliquely,  which  requires 
no  long  Explanation ;  I  fhall  fay  no  more  of  circular  motions 
in  riling, or  defcending,  feeing  they  only  depend  or  belong  to 
the  figure  of  the  hollow  groove.  There  is  in  an  all  thefe  motions 
many  little  cautions  to  be  obferved,  which  raufi  be  left  to  the 
indukry  of  the  Artificer. 

We  may  alfo  make  many  motions  different  andoppofite  the 
one  to  the  other,  with  one  and  the  fame  motion,  by  the  means 
of  pulleys  referring  from  one  to  another  which  change  the  di¬ 
rection  of  the  motions,  which  ferve  chiefly  to  make  the  changes 
of  the  Decorations,  or  Ornaments,  of  the  two  wings  of  Thea¬ 
tres;  for  one  axis  only  A  (  Fig.  211.)  which  bears  the  Tam¬ 
bours, or  Cylinders  B  C,  of  different  diameters,  coming  to  turn 
by  means  of  a  counter  poife,  or  weight,  makes  to  advance  to¬ 
wards  the  middle  of  the  fcene  beneath  the  Theatre,  the  falfe 
frames  or  fhafhes  D,  which  bear  or  carry  the  Ornamentsor  De¬ 
corations  by  the  means  of  the  chords  C  E,  B  E,  which  are  faft- 
ned  to  thefe  fhafhes,  or  frames,  and  which  are  wound  about 
on  the  Tambours  in  a  contrary  fence:  Thefe  fame  fhafhes  D 
advancing,  and  thofe  of  G  retiring  at  the  fame  time,  whofe 
place  they  take,  by  means  of  one  or  two  chords  I,  which  are 
Faftned  to  thefe  two  fhafhes,  which  pafs  above  the  pulleys  that 
refer  from  one  to  another  H,  which  are  thofe  in  the  walls  of 
the  two  fides.  The  motion  or  way  of  thefe  two  fhafhes  will 
be  more  or  lefs  according  to  the  proportion  of  the  Tambours, 
or  Cylinders,  which  bear  the  cords  of  their  motion. 
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How  to  raife  a  weight  ly  an  oblique  motion* 

LEt  the  weight  be  P  which  is  to  be  raifed  obliquely  from  8 
to  A,  the  Engin  which  ferves  for  the  movement  being  at 

the  height  of  A. 

Make  ahollow  groove  A  B  compofed  of  two  pieces  of  wood 
which  are  only  removed  one  from  another,  fo  much  as  to  leave 
room  for  the  chord  to  pafs  freely  which  fuftains  the  weight  P, 
and  which  muft  be  placed  Horizontally ;  the  chord  CDH 
which  fuftains  the  weight  P,  isftayed  firmly  in  C  towards  the 
end  B  of  the  hollowing,  and  palfes  in  the  overture  between 
he  two  pieces  of  wood  of  which  his  made ;  it  palfes  alfo  a- 
bove  the  little  wheel  E  compofed  of  three  pieces,  viz,,  of  two 
little  wheels, or  rollers,at  its  ends,  and  of  one  pulley  between 
two,  on  which  palfes  the  chord  CDH.  Towards  the  end  A  of 
the  hollow  groove  there  is  a  Cylinder,  or  round  beam  G  with 
its  arms  for  to  draw  the  cord  F,  which  is  faftned  to  the  top  I 

of  the  little  wheel.  ; 

5Tis  eafy  to  behold  by  the  conftrudtion  of  this  Engin,  that 
when  the  chord  I  F  draws  the  little  wheel  E  from  B  towards  A* 
the  weight  P  raifes  obliquely,  or  a  llant,  from  H  to  A,  and  that 
the  elevation  of  the  weight  P  will  be  equal  to  the  length  of  the 
hollowr  groove  A  B. 

We  may  alfo  make  it  that  the  Elevation  of  the  weight  P  (hah 
be  in  what  proportion  we  pleafe  with  its  Horizontal  way  ;  for 
Example,  that  the  weight  P  be  raifed  20  feet  hanging,' while  it 
palfes  over  6o  feet  Horizontally. 

For  this  effedt  we  may  place  the  motion  of  the  chord  F,  which 
draws  the  little  wheel  E  from  B  towards  A  at  the  end  B  of 
the  hollow  groove  with  a  pulley  towards  A. 

Alfo  the  round  beam,  or  Cylinder,  being  placed  towards  B 
which  draws  the  chord  F,will  advance  the  little  wheel  from  B 
towards  A.  But  then  it  will  caufe  the  Cord  CDH  which  fu¬ 
ftains  the  weight  P  to  be  twilled  on  the  roll  of  the  round  beam* 
and  that  it  will  not  be  faftned  immoveably  in  the  point  C,  as 
before  ;  the  place  of.  the  roll  where  it  is  twitted,  muft  have  its 
diameter  (mailer  than  the  fame  where  it  twifts  the  cord  F, 

when  the  Cylinder  makes  the  little  wheel  E  to  advance  on  the 

.  s  f  1  hollow 
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hollow  groove, and  then  the  chord  D  will  be  twitted  in  a  con¬ 
trary  fence  to  that  of  the  chord  F,  to  the  end.  that  it  may  wind 
off,  as  the  other  twifts  about.  The  proportion  of  the  diameter 
of  the  part  of  the  roll,  of  the  round  beam  where  the. chord  F 
winds  about,  to  the  diameter  of  the  other  part  where  the  cord 
D  is  tw'ifted,  or  wound  about,  ought  to  be  as  the  Horizontal 
way  to  the  difference  of  the  two  ways,  which  is  the  fame  as 
60  to  40,01  as  3  to  2.  For  then  when  the  chord  F  draws  (forex- 
ample)  the  little  wheel;  E  on  the  hollow  groove  through  the 
fpace  of  6  feet,  that  part  of  the  roll  where  the  chord  D  is  t  will¬ 
ed  will  have  wound  4  feet,  and  by  confequence  the  weight 
P  will  not  be  railed  as  yet  but  2  feet,  although  it  haye  run  o- 
Yer  6  feet  of  Horizontal  motion... 

It  will  be  the.  lame  thing  for  any  other  proportion  of  Ele¬ 
vation  ;  only  we  muff  Note,  that  if  we  would  have  the  weight 
P  make  a  greater  motion  in  height  than  in  length,  for  exam¬ 
ple,  if  we  would  have  it  rife  3:0  feet  hanging,  while  it,  runs  o^ 
verbut  10  feet  in  length  or  Horizontally,  it  behoves  that  the 
diameter  of  the  rollfor  the  chord  F  be  made  to  the  diameter  of 
that  part  of  the  roll  for  the  chord  D,  as  1,0,  which  is  the  Hori¬ 
zontal  way,  to  the  difference  20  of  the  two  ways.  For. if  to 
each  bout  of  the  Cylinder  the  chord  F  make  3  feet  of  way,  the 
choid  D  will  . make  9,  for,  the  circumferences  of  the  rolls  are  in 
the  famereafon  or  proportion  as  their  diameters  3  and  by  con- 
fequence  the  weight  P  riles  6  feet,  becaufe  oi  the  diameters  of 
the  parts  of  the  roll,  and  it  rifes  flill  3  feet  in  the  fame  time, 
which  is  equakouhe  Horizontahriodom 

As  to  the  fwiftnefs  of  the  motion  we  may  give  it  what  we 
pleafe,  for  if  the  cylinder  cannot  draw  the  chords^  which  make 
the  motion  with  fo  much  fwiftnefs  as  we  require,  it  mud  be 
done  by  means  of  a  counter  weight  very  heavy,  which  we 
may  rails,  to.  an  height  equal,  to  the  Hoiizontal  motion,  and 
having  fadned  this  counter  weight  to  a  chord  wound  about  on 
the  roil,  where  the  other  chords  which  terve  to  the  motion  are 
like  wife  twifted,  but,  in  a  contrary  lenfe,  when  we  let  loofe 
the  counter  weight  it  will  turn  the,  roll  with  a  great  fwilo 

We  commonly  modHate  this  motion  by  means  of  a  chord, 
which  ferves  to  make  the  tricker,pr  detainer,  and  which  being 
applied  againft  any  body  where  it  flips  and  retains  afterwards, 
with  the  hand  we  may  let  it  loofe  10  fuch  a  proportion  of  fwift- 
nds  as  we  would  give  to  the  Engim  This? 
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This  fame  tricker,or  detainer,  ferves  alfo  to  render  the  moti¬ 
on  equal,  which  will  otherwife  be  very  unequal  becaufe  of 
the  acceleration  of  the  counter-weight  . in  defcending. 

When  one  chord  ferves  it  felf,  of  many  which  are  placed 
one  from  another  for  to  raife  the  fame  weight,  or  which  is 
the  fame  thing,,  which  fuftains  it  in  feveral  places,  there  muft 
he  inftead  of  the  little  wheel  E,  a  fhafh  or  frame  of  wood,ufed 
as  M  M,  in  which  there  muft  be  rolls,  as  N,  which  ferve  with 
the  pulleys  to  pafs  the  chords  above,  thefe  rolls  turn  on  their 
Axes  which  enter  in  the  long  pieces  of  the  fhafh  or  frame.  This 
fhafh  muft  run  along  on  the  two  pieces  of  the  hollow  groove, 
being  drawn  through  the  hook  O  where  we  fallen  the  chord 
which  ferves  to  its  motion  ;  but  it  behoves  that  the  fhafh  be 
kept  on  the  hollow  grooves  that  it  fall  not  from  one  tide  to  the 

other. 

We  may  alfo  inftead  of  the  hollow'  grooves,  make  one  chord 
only  to  ferve,  being  well  ftretched  out,  on  which  muft  pais 
a  pulley,  as  R,  which  fuftains  another  S,  which  ferves  to  fu- 
(lain  the' chord  of  hanging  motion  which  the  pulley  R  runs 
long  in,  in  rouling  on  the  chord  which  ferves  for  the  hollow 
groove. 

I  fhall  not  fay  any  thing  concerning  the  manner  of  making 
thefe  hollow  grooves,  and  their  detainer  in  different  places  to 
render  them  folid,  becaufe  it  belongs  to  workmen,  which 

work  in  Carpentry  or  Joynery. 

We  may  alfo  make  of  thefe  forts  of  movements  which  crofs 
themfelves  without  trouble  or  confufion,  for  if  one  ferves  to 
the  fhafh,  as  I  have  explained  before,  it  is  eafy  to  fee  that  the 
hollow  grooves  may  be  cut  and  interrupted  in  any  place  in  a 
fmall  (pace  of  4  or  5  inches,  which  may  ferve  for  the  palling 
of  the  chord  which  fuftains  the  weight,  which  moves  it  feif 
with  a  different  motion  from  that  which, is  borne  on  the  hollow 
groove  which  is  cut,  without  which  the  motion  of  the  weight 
will  be  hundred  ;  for  the  Ihafh  having  its  long  pieces  fupporttd 
on  thofeof  the  hollow  groove,  it  may  pafs  ealily  above  tire  o~ 
verture  of  the  hollow  groove. 

What  I  have  (aid  concerning  the  raffing  of  Weights,  may  be 

apply ed  to  their  deicenr. 
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i 4.  Catalogue  of  Globes,  Caleftial  and  Terrefrial. 
Spheres,  Maps,  Sea-Plats,  Mathematical  ln~ 
Jlruments, .  and  Books y  made  and  Sold  by  J.  Mox- 
on,  at  the  Sign  oj  Atlas  in  Warwick-Lane,, 
London 


G'LoUs  24  Indies  DIamerer.  The  price  20/.  the  pair, - 
Globes  near  r  5:  Inches  Diameter.  The  price  4 1 
Globes  9  Inches  Diameter.  The  price  2  /.  . 


Globes  8  Inches  Diameter.  The  price  2  If. 

The  Engli fh  Globe ,  invented  by  the  Right  Honourable  the 
Earl  of  Caftlemaw,  12-  Inches  Diameter  y  the  price  ordinary 
made  up  3  /.  bell  made  up  5  L 

Concave  Hemifpheres  of  the  St  ary  Orb ,  which  leaves  for  a.i 
Gafe  to  the  Terr  eft  rial  Globe  3  Inches  Diameter,  made  portable 
for  the  Pocket,  price  1 5;  j. 

Sphere s,  according  to  LhQ.FtoIamaick  Syttem,  14  Inches  Dia¬ 
meter,  price  3  /. 

Spheres,  according  to  the  Pfcto^liSyilem  8  Inches  Diame¬ 
ter,  prices  1  Lioe 

Gunters  Quadrant  12  Inches  Radius,  Printed  on  Paper,  and! 
pa  Red  on  a  Board,  with  a  Nofturnal  on  the  back-Iide,  price 

Gunter  s  Quadrant ,■  4  Inches  Radius,  Printed  on  Paper,  and. 
palled  on  Brafs,  with  a  No  61  urn  a  i.  on  the  back-fide,  and  a 
wooden  Cafe  covered  with  Leather  fit  for  it. .  A  new  Inventi¬ 
on  contrived  for  the  Pocket,  price  6  s. 


A  large  Map  of  the  World,  10  Foot  long,  and;  7  Foot  deep, 
palled  on  Cloth  and  coloured  price  2  L 

A  Map  of  all  the  World,  4  foot  long  and  3  foot  deep,  patted 
on  Cloth  and  coloured,  price  10  s.  in  Sheets  ir.  6d. 

Six  Scriptural  Maps,  1 .  Of  all  the  Earth,  and  how  after  the 
Flood  it  was  divided  among  the  Sons  of  Noah .  2.  Of  Farad  fe 


or  die  Garden  of  Eden,  with  the  Countries  circumjacent  inha¬ 
bited  by  the  Patriarchs. 

The  40  Years  Travel  of  the  Children  of  Ifrael  through  the 
Wildernefs.  4.  Of  Canaan,  or  the  Holy  Land,  and  how  it  was 
divided  among  the  Twelve  Tribes  of  Ifrael,  and  travelled  thro’ 
by  our  Saviour  and  his  Apoftles.  5.  The  Travels  of  Si. V mil  and 
others  of  the  Apoftles,  in  the  propagating  the  Gofpel.  6.  Je- 
rufalem,  as  k  flood  in  our  Saviours  time,  with  a  Book  of  Expla¬ 
nations  to  thefe  Map,  Entituled,  Sacred  Geography,  price  of 
of  the  Maps  6  s.  Book  is.  to  be  bound  up  with  Bibles. 


1  ik  Tutor  So  Afironomy  and  Geography,  ortheUie  of  the  Globes 
Cceleftial  and  Terreftrial ;  by  j hfcfh  Moxon,  A  member  of 
the  Royal  Society,  and  Hydrographer  to  the  King’s  moft  Ex¬ 
cellent  Majefty,  price  5 ;  s. 

The  ufe  of  the  Coper  me  an  Spheres,  teaching  to  folve  as  the 
Rhamomina  by  them,  as  ealily  as  by  the  Ttolomaick  Spheres :  By 
Jofeph  Moxon,  &c.  price  4#. 

Wright's  Correction  of  Errors  in  the  Art  of  Navigation,  p.  8  s. 
An  Exact  Survey  of  the  Microcofm,  being  an  Anatomy  of  the 
Bodies  of  Ate  and  Woman,  wherein  the  Skin,  Veins,  Nerves, 
Mufcles,  Bones,  Sinews,  and  Ligaments  are  accurately  deline¬ 
ated  :  Engraven  on  large  Copper  Plates,  Printed  and  curioully 
pafted  together,  fo  as  at  firft  light  you  may  behold  all  the  Parts' 
of  Man  and  Woman  ;  and  by  turning  up  feveral  Diflections  of 
the  Papers,  take  a  view  of  all  their  inwards,  with  Alphabetical 
References  to  the  Names,  of  every  Member  and  part  of  the 
Body :  Set  forth  in  Latin  by  Remelius  and  Michael  Spaher  of 
Tyrol,  and  Engliftied  by  John  Ireton  Chyrurgion  3  and  laftly, 
perufed  and  corrected  by  feveral  Artifts :  Now  corrected  by 
Clopton  Havers,  M.  D.  and  Fellow  of  the  Royal  Society,  price 

plain  1 5  s.  coloured  1  /.  ioj. 

A  Tutor  to  Afirology,  or  Aftrclogy  made  eafie,  price  1  s. 

The  Ufe  of  a  Mathematical  Inftrument  called  a  Quadrant, 

price  6  d.  . 

Mechanick  Exercifes:  Or,  the  Doctrine  of  Handy  Works,  m 

nine  Monthly  Exercifes.  The  Firft  Three,  viz .  Numb.  1. 

Numb, 


Numb.  II.  Numb.  III.  teaching  the  Art  of  Smithing.  The  Se^ 
cond  Three,  viz,.  Numb.  IV.  Numb.  V.  Numb.  VI.  teaching 
the  Art  of  Jonery.  The  Third  Three,  viz,.  Numb.  VII.  Numo. 
VIII.  Numb.  IX.  teaching  the  Art  of  Hoafe  Carpentry.  Accom¬ 
modated  with  fuitable  Engraved  Figures,  by  Jofefh  Moxon, 
&c.  price  of  each  Monthly  Exercife  6  d. 

'Mechanic*.  Dydling  j'  Teaching  any  man,  though  of  an  ordi¬ 
nary  Capacity,’  and  unlearned  in  tl^e  Mathematicks,  to  draw 
a  true  Sun-Dyal  on  any  Given  Plain,  however  fituated ,  only 
with  the  help  of  a  ftraight  rule  and  a  pair  of  CompalTes ;  and 
without  any  Arithmetical  Calculation, by  Jof  Moxon ,  p.  is.  6 d. 

Meliificium  Menfionis  -.  Or,  the  marrow  ,  of  meafuring  com¬ 
prised  in  6  Books  with  Copper  Plates,  Brewing  a  new  and 
ready  way  of  Meafuring,  Carpenters,  Bricklayers,*  Plafterers 
Joyners,  Glaziers  and  Painters  works,  and  all  Superficies  and 
Solids,  price  bound  j  *.  6d. 

At  the  place  aforefaid,  you  may  have  alfo  all  manner  of 
Maps,  Sea-plats,  Drafts,  Mathematical  Books,  Inflruments, 
&c.  at  the  lowed  prizes. 
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217 ;  and  f©  gradually  in  the  number  ol  Page 
one  :  line  20.  ftrike  out  [  the.] 

22i,  &c.  line  7,  the 
223,  &c*  gradually, 
plate, 

its  hand:  line  30  Artifices, 
make  a  Comma  after  Indexes* 
dividing  :  line  7  a  Quadrate, 
ftrike  out  [  and  J 
they, 
interval^ 

Wheels.,- 

after  [  table  ]  make  a  full  ftop 

B  to  C. 

Syftem.  line  24.  perpetually. 

Leaves. 

leave  out  [  left  ] 
pals* 

Flexible, 
ftrike  out  [  to  ] 
re-enter. 

c  v: 

Axis. 

Effort, 
they  come. 

Prop  XIV, 
fuftain. 

Prop.  XV- 
Prop.  XVI 

Prop.  XVII  ;  ;  ■ 

Cylinder, 
in  the  place.  „  - 


.  • 


' 


. 


, 


«■ 


